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GENERAL INTRODUCTION 
The secondary, tertiary, and quaternary structures of a protein are 
known to be determined to a large extent by the primary structure (Canfield 
and Anfinsen, 1963). In addition, certain amino acids, viz. cystine and 
proline, seem to have a dominating role in structural constraints (Schell-
man and Schellman, 1964; Szent-Gydrgyi and Cohen, 1957). In the protein 
under study, feather keratin, observed regularities indicated in the 
feather matrix appear to be due to constraints within the primary structure. 
The purpose of this thesis has been to determine the distribution of 
proline within the polypeptide chain of feather keratin as evidence for or 
against various proposed keratin models. 
The structure of feather keratin has long been a subject of debate. 
The X-ray diffraction pattern of feather keratin was first described by 
Marwick (1931) and the protein later classified by Astbury (1938) as a 
member of the g-proteins of the k.m.e.f. group of fibrous proteins. The 
terms, a-keratin and B-keratin, are based on diffraction data and distin­
guish between folded and extended chain conformations of the polypeptide 
chain. The a-helix of Pauling and Corey (1951a) has been shown to form 
the basis for the a-keratins (hair and wool) while the parallel and anti-
parallel pleated sheet structures of the same authors (Pauling and Corey, 
1951b) are believed to essentially define g-keratin {e.g., stretched hair). 
The data of Astbury and Marwick (1932) suggest that the polypeptide chain 
of feather keratin, while resembling the beta form is, in fact, somewhat 
less extended than stretched wool. These studies indicate the residue 
spacing along the polypeptide chain of feather keratin to be 3.1 Â 
2 
O 
as compared to 3.3 A in wool stretched in steam to twice its normal length 
O (unstretched wool by comparison shows a predominant 5.1 A spacing which 
represents the length of one turn of the a-helix). Filshie and Rogers 
(1962) examined sectioned native feather with an electron microscope and 
O 
found the feather to be composed of "microfibrils" about 30 A in diameter. 
The fibrils were parallel and separated by a matrix material. These 
results contrasted with that for wool where the microfibrils were found to 
be 70-80 A in diameter. 
The well-ordered X-ray patterns for feather keratin led many investi­
gators to propose models congruent with the data. Bear and Rugo (1951) 
suggested feather keratin to be composed of a netlike array of ellipsoidal 
particles. Subunit particles or monomers were first isolated and partially 
characterized by Rougvie (1954), Woodin (1954), and later by Harrap and 
Woods (1964b). These workers reported a molecular weight in the range of 
10-11,000. This monomeric unit was envisioned to compose an orthogonal 
o o o 
unit cell (34 A x 95 A x 4.7 A) by folding and looping upon itself (Fraser 
and MacRae, 1959). Alternate models were proposed to explain data reported 
by Woodin (1956) which showed an absence of N-terminal amino acids. This 
was suggested by Woodin to arise from a cyclic polypeptide chain. Harrap 
and Woods (1964a) eliminated the cyclic models by showing the presence of 
stoichiometric amounts of N-terminal acyl groups. 
The X-ray data for feather keratin may also be interpreted in terms of 
helical structures. Schor and Krimm (1961) proposed a detailed structure 
involving the coiling of ten polypeptide chains in a long-pitch helix. 
O 
The structure which they termed a g-helix had a 189 A pitch and a diameter 
O 
of 15.7 A. Proline was assumed to be arranged periodically along the 
3 
polypeptide chains of the model (every eighth residue) thus providing an 
0 
explanation for the prominent 23.6 A meridional diffraction. Upon exam­
ination, the 8-helix model for feather keratin had a number of weaknesses. 
It was assumed by Schor and Krimm that the subunits reported by Rougvie 
(1954) and by Woodin (1954) were formed by selective cleavage of every 
twelfth iminopeptide bond. This conclusion was considered extremely 
unlikely (Seifer and Gallop, 1966). Fraser and MacRae (1963) found that 
an optical transform of the g-helix model was inconsistent with known 
regularities in the X-ray pattern. Finally, the dimensions of the 3-helix 
O 
were inconsistent with the diameter of the microfibrils (30 A). 
Another helix was proposed by Ramachandran and Dweltz (1962). The 
structure was modeled after the collagen triple helix and consisted of 
seven "protofibrils" coiled about one another to form the microfibril. The 
protofibrils were in turn made-up of helical arrays of three polypeptide 
O O 
chains, each having an 8 A diameter and 95 A pitch. The model was based 
on optical rotatory dispersion data supplied by Dweltz and Mahadevon (1961) 
which was later shown not only to be in error (Westover et al. , 1962; 
Harrap and Woods, 1964b), but also to have alternate interpretations 
(Harrington and Von Hippel, 1961). 
Fraser and MacRae (1963) have reinterpreted the X-ray data of Bear 
and Rugo (1951) in terms of a helical structure. The structure consists 
of two intertwining helices or protofibrils with each helix composed of 
four subunit structures per helix turn. The twin helix or microfibril has 
O O 
a pitch of 95 A and a total diameter of 34 A. The subunits making up the 
protofibril are arranged in an opposed fashion along both helices. Later 
data supplied by Fraser and Suzuki (1965) suggest the subunits to have a 
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regular beta section and an amorphous section. 
Study of the subunit structure of feather keratin required a method 
for the solubilization of the feather. The characteristic high degree of 
intermolecular (subunit) disulfide bonding in feather suggested methods 
involving scission of the disulfide bond. Oxidative and reductive methods 
of disulfide bond scission were first employed with feather keratin by 
Ward et al., (1946), Rougvie (1954), and Woodin (1954) in preparing soluble 
derivatives of feather keratin. Rougvie and Woodin used three methods of 
solubilization: reduction with a sulfhydryl reagent (2-mercaptoethanol), 
oxidative sulfitolysis with sodium by sodium bisulfite, and oxidation with 
performic or peracetic acids. The reduction method converts cystine to 
two cysteine residues. Oxidative sulfitolysis results in the formation of 
S-sulfokeratin by scission of the disulfide bond and conversion of the 
liberated sulfhydryl to S-sulfite. Performic or peracetic acid converts a 
cystine residue to two cysteic acid residues by scission of the cystine 
disulfide bond and oxidation of the resulting sulfydryls to sulfonic acid 
groups. The soluble preparation after manipulation gave a fairly homo­
geneous unit having a molecular weight of 10,000. Additional methods of 
solubilization were introduced by Bailey and Cole (1959) and Swan (1961). 
The former authors used sodium sulfite and sodium tetrathionate in the 
presence of 8 M urea to effect oxidative sulfitolysis of the feather. 
Swan introduced treatment with copper sulfate, ammonia, and sodium sulfite 
to render the feather soluble. It has been reported (CDonne!1 and 
Thompson, 1959) that the oxidation procedure with peracetic acid may give 
incomplete oxidation, hydrolysis of peptide bonds, and degrade the aromatic 
amino acids, tryptophane and tyrosine. Harrap and Woods (1964a) introduced 
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a more thorough method of solubilization by reducing the disulfide bonds 
with 2-mercaptoacetic acid and blocking the resulting sulfhydryl groups 
with iodoacetic acid. The resulting preparation was termed the S-carboxy-
methyl derivative. Using this method, Harrap and Woods reported a 
molecular weight for the subunit of 10,400 ± 300 agreeing very well with 
that of Rougvie and Woodin. 
Gross amino acid analyses have been performed on the solubilized 
feather (Ward et al. •> 1955; Schroeder et al. y 1955; Woodin, 1956). These 
analyses revealed significant differences in cystine and proline content 
from that of wool, i.e. feather keratin seems to have less cystine and more 
proline than wool. Analyses of feather parts (Schroeder et aZ., 1955; 
Harrap and Woods, 1964a) following the nomenclature of Schroeder et al. 
show major differences in certain amino acids, viz. alanine, cystine, 
glycine, isoleucine, phenylalanine, and tyrosine. In all the analyses, 
the barbs of the feather showed the greatest differences from the other 
feather parts. A thorough study was undertaken by Harrap and Woods (1967) 
of differences not only in feather parts but also between corresponding 
feather parts from different species. Aside from the expected variability 
between species, the emu [nvomiceius novas-hollandiae) feather parts were 
very much different than corresponding parts of other birds both in 
composition and in relative amount rendered soluble by the disulfide 
scission methods. The insoluble emu keratin showed greater amounts of 
lysine, histidine, and methionine and less content of proline, cystine, 
and serine. 
The amino acid composition studies performed by Harrap and Woods 
(1964a, 1967) revealed not only the expected heterogeneity between feather 
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parts, but also heterogeneity within parts. This was shown by electro­
phoresis and ion-exchange chromatographic studies. The electrophoretic 
patterns varied somewhat between parts and species, but in each case 
always revealed heterogeneity. Harrap and Woods used a DEAE (diethyl-
aminoethyl) cellulose column to resolve S-carboxymethyl rachis and demon­
strated the existence of at least six components. 
The first basic work with the primary structure of feather keratin 
was Woodin's (1956) analysis of C-terminal and N-terminal residues. Using 
both the fluorodinitrobenzene (FDNB) method of Sanger (1945) and the phenyl 
isothiocyanate reagent, the N-terminal analysis of unfractionated soluble 
feather yielded 0.1 equivalents per mole of protein of N-terminal amino 
acids distributed among aspartic acid, threonine, alanine, glycine, and 
valine. The C-terminal was likewise a mixture of amino acids, viz. valine, 
leucine, serine, alanine, phenylalanine, glycine, and threonine, which in 
contrast to the N-terminal were present totally as 1 equivalent per mole 
of protein (assuming a molecular weight of 10,000). Harrap and Woods 
(1964a) suggested that the apparent absence of an N-terminal resulted from 
blocking of the N-terminus by an acyl group. Many proteins are known to 
possess acetylated N-terminal amino acids (Winstead and Wold, 1964; Rude 
and Givol, 1968; Phillips, 1968; Pan and Dutcher, 1956; Offer, 1965) and 
such may be the case with feather keratin. The heterogeneity of the C-
terminals and N-terminals may have been due to the demonstrated hetero­
geneity of the feather parts. Preliminary sequence data reported by 
Schroeder (1957) on a number of di- and tripeptides isolated from a 
partial acid hydrolyzate of soluble feather keratin led to some tentative 
conclusions: (1) that proline is generally preceded by a residue of one 
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of the smaller amino acids, (2) that cystine associates primarily with 
glutamic acid, serine, and proline, and (3) that glycine, serine, and 
leucine form associations with the other amino acids equally. 
Studies on soluble feather keratin have revealed among other things 
an unusual amino acid composition. In particular, large amounts of 
proline and cystine are present in the structure, and while the role of 
the latter may be largely to maintain the insolubility characteristic of 
the protein, the former may be of special importance in the determination 
of polypeptide chain conformation. The presence of proline exerts a 
special constraint upon the primary structure of the protein due to the 
rigid bond angle formed by the pyrollidine ring of proline with the poly­
peptide chain. For example, the presence of more than 8% proline within 
the structure is thought to prevent a-helix formation (Szent-Gyorgyi and 
Cohen, 1957). Since feather keratin contains 10-11% proline, the obvious 
conclusion is that if proline is regularly spaced within keratin, no a-
structure is possible. 
Harrap and Woods (1964b) have concluded from their ORD studies of 
feather keratin in organic solvents that the regular distribution of 
proline does not exist in feather keratin, since the data show the presence 
of a-structure. These data, however, may have other interpretations such 
as g-aggregation, a result which is considered to be more likely than 
helix formation in the light of new evidence (Burke, 1969). In any case, 
it appears likely that the highly ordered structure of feather keratin is 
due at least in part to a special distribution of proline within the 
primary structure. In addition to proline, a study of the proline distri­
b u t i o n  i s  l i k e l y  t o  r e v e a l  t h e  d i s t r i b u t i o n  o f  o t h e r  a m i n o  a c i d s ,  e . g . .  
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the hydrophilic and the hydrophobic residues. 
The most direct method of determining the proline order along the 
polypeptide chain is by specific cleavage of either of the prolyl peptide 
bonds. The sizes of the peptides thus liberated would reflect the inter-
proline spacings. This approach is preferable to a total sequencing of 
the protein in view of the limited extent of sequence information sought. 
The choice of a suitable agent to effect the cleavage has been a 
difficult problem (this study). Initially it was though that an enzyme 
could be found to perform this function. Collagenase (Clostridiopeptidase 
A) which hydrolyses collagen peptides containing proline was found to have 
little or no activity toward soluble feather keratin (oxidized derivative). 
Keratinase, described by Nickerson et al. (1963) as having a high proteo­
lytic activity toward keretin (unaltered wool), was found to liberate 
various di-, tri-, and tetrapeptides, presumably by non-specific cleavage. 
Finally, the only other enzymes with activity toward peptidal proline, 
iminopeptidase and iminodipeptidase (Dixon and Webb, 1964), were so limited 
in specificity as to be inapplicable to a general prolyl polypeptide or 
protein. 
Non-enzymatic or chemical cleavage was sought as an answer to the 
protein. Witkop (1961), in a review of chemical cleavage, suggested sodium 
in liquid ammonia as a means to cleave the iminopeptide bond. However, 
Witkop revealed that the reaction required the presence of a tosyl (toluene 
sulfonyl) group on the neighboring amino acid side-chain. Ruttenburg et al. 
(1964) reported the use of the powerful reducing agent, lithium aluminum 
hydride, in tetrahydrofuran as a prolyl cleavage agent. The specificity 
of the agent was limited to the iminopeptide bond and did not require the 
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presence of a specific neighboring amino acid. However, in trial 
experiments with the agent (this study), it was found that a very low 
yield was achieved presumably because of the insolubility of feather 
keratin in tetrahydrofuran. Finally, lithium metal in liquid methyl amine 
at -70®C (Patchornik et al. •> 1964) was found to result in very little 
cleavage of the iminopeptide bond. 
Kauffmann (1954) demonstrated that sodium hydrazide (Na^NHNHg") in 
anhydrous hydrazine (NH2NH2) was able to reductively cleave the imide 
carbon-nitrogen bond of model tertiary amides. In the reaction, the 
hydrazide anion adds nucleophilically to the carbonyl group of the tertiary 
amide (iminopeptide bond)(A) to form a meta-stable anion (B). 
cP 0 
II R 
-CN' 
\R' 
NHNI# 
..-CN' 
t \ R' 
NHNH, 
B 
According to the Bauer-Hal 1er mechanism (Hamlin and Weston, 1957) the 
meta-stable adduct can decompose either by cleavage of the amide bond to 
form the amine and the corresDonding acid hydrazide (C) or by cleavage of 
the carbon-carbon bond to form a hydrazone (D). 
cP 1 0 
oP 
NNH2 
II / 
+ ...-CN' -4-
R' 
,/ .R 
.-CN^ 
I  ^R '  
NHNH2 
H2O I I  /R 
-> . . . -CNHNH2 + HN + ofP 
Primary and secondary amides (peptide bond)(A') are stabilized toward the 
10 
reagent by formation of a mesomeric anion (E) after abstraction of a 
hydrogen from the amide nitrogen. 
NH2NH2 + 
cP 0 
I If 
.-C=NR "<->• ...-CNR 
G 
NHNhfp 0 II /R 
M n ...-CN. R may be H MgU \|_j 
A' 
The decomposition of adduct (B) has been observed (Kauffmann and Sobel, 
1966) in all cases to yield only the acid hydrazide and the amine (C). 
The reagent is prepared by reaction of sodium hydride (NaH) or sodium 
amide (NaNHz) with anhydrous hydrazine. The sodium hydrazide is then used 
as a solution in anhydrous hydrazine at 0°C. Anhydrous hydrazine is a 
farily good solvent for proteins, including feather keratin. 
Kauffmann and Sobel (1966) have reported that the reagent yields from 
80 to 100% free secondary amine after reaction with the model compounds: 
N-benzoyl piperidine, N-caproyl piperidine, N-benzyl pyrrolidon-(2), glycyl-
L-proline, and diglycyl-L-proline. Treating insulin with the reagent at 
a 100 fold molar excess (reagent to insulin), they achieved a 70% yield as 
estimated by measuring the amount of the peptide, prolys-ala-COOH, released 
during the reaction.^ In the research being reported here, the sodium 
hydrazide method was found to release prolyl peptides in acceptable yield 
from feather keratin. 
^Insulin contains only one proline per molecule located in the B chain 
in the sequence: -thr-pro-lys-ala-COOH. 
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PART I. THE CHEMICAL CHARACTERIZATION OF FEATHER KERATIN 
12 
INTRODUCTION 
The purpose of this section on the characterization of feather 
keratin is simply to describe chemically a particular keratin preparation 
known as S-carboxymethyl feather keratin monomer (S-CM-FKM) and its 
components. This is to ascertain differences between it and preparations 
described in the literature and to provide a solid basis for interpretation 
of the prolyl cleavage work. 
A method of preparation was chosen to yield a product whose primary 
structure was both intact and reproducibly analyzable after processing. 
The method of reduction and alkylation used by Harrap and Woods (1964a) 
was chosen. Although more time consuming than the oxidation procedure with 
peracetic or performic acid, it had the advantages of leaving the aromatic 
amino acids and the primary structure intact (O'Donnell and Thompson, 1959). 
The more recent methods of end group determination were such as the 
dansyl chloride reagent of Hartley and Massey (1956) used to clarify some 
of the confusion regarding the N-terminal and C-terminal of feather 
keratin. A novel method for identification of blocker N-terminal amino 
acids (Winstead and Wold, 1964; Offer, 1965) was used to resolve the con­
fusion over the absence of an N-terminal amino acid(s) (Woodin, 1956). 
Additional methods of purification were employed to reduce the hetero­
geneity of the C-terminal described by Woodin (1956). Identification of 
the C-terminal amino acid(s) was performed with the conventional methods, 
of hydrolysis with carboxypeptidase (Harris and Li, 1955) and hydra-
zinolysis (Akabori, 1953). 
Access to the primary structure of S-CM-FKM was expected to be 
13 
unhindered, since the protein as the S-carboxymethyl derivative exists as 
a random coil in solution (Westover et 2%., 1962; Burke, 1969). 
14 
METHODS AND MATERIALS 
Isolation and Purification 
In any study of keratin, isolation and purification constitute the 
most difficult part of the study due to heterogeneity both in size and in 
amino acid composition. Methods employed in attaining a high degree of 
purity are given in the following. 
Source 
Feather keratin was obtained exclusively from the calamus^ of the 
feather. The feathers were primary flight or tail feathers from the Brown-
Breasted Bronze variety of turkey and were obtained from nearby slaughter­
ing houses located in Ellsworth and Nevada, Iowa. Limitations on the 
source of the feathers and on the morphological part of the feather were to 
minimize heterogeneity in the preparation. The calamus was thoroughly 
scraped along the barrel of the feather with the sharp edge of a glass 
microscope slide to remove a thin layer of disoriented keratin. The 
2 
calamus was then cut from the feather just below the barbs , split open, 
and the interior scraped to remove pulp caps. The accumulated calami were 
deposited in a soxhlet extraction apparatus and extracted with chloroform-
methanol (3:1, v/v) under gentle reflux for 16 hours to remove lipids, and 
were then removed and dried under a heat lamp. 
1 The calamus is the lower, unbarbed part of the feather. 
2 The barbs are the vane-like structures radiating from the central 
shaft or rachis of the feather. 
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Dissolution 
The procedure of reduction and alkylation was similar to that used 
by Harrap and Woods (1964a). The extracted and dried calami were suspended 
in a 0.2 M solution of thioglycol (2-mercaptoethanol) at a liquor to 
feather ratio of 100 to 1 (v/w). The solution was made 0.1% in EOTA 
(ethylenediamine tetracetate, sodium salt) and titrated to pH 11.0. A 
stream of nitrogen was bubbled through the solution for 15 minutes to 
remove any dissolved oxygen and the flask sealed. This solution was then 
stirred vigorously with a magnetic stirrer for approximately 20 hours at 
5°C. After this treatment, the calami were completely broken-up leaving 
some fibrous debris undissolved. 
Modificati on of sulfhydryls 
After the period of dispersal, the solution was centrifuged at 5000 
X gravity in a preparative, swinging-bucket rotor for 15 minutes to remove 
undissolved material. The free sulfhydryls were modified by titration 
with 0.6 M iodoacetic acid until an aliquot gave a negative nitroprusside 
test. The nitroprusside reagent was prepared according to the procedure 
of Hamilton (1950). During the titration, the pH was maintained 
at pH 9.5 to prevent non-specific reaction of the modification reagent. 
The solution after titration was centrifuged at 70,000 x gravity for 3 
hours to remove any polymerized material formed during the iodoacetic acid 
titration. The keratin containing supernatant soluble feather was freeze-
dried and stored in vacuo over CaClg. This keratin preparation was known 
as S-Carboxymethyl Feather Keratin (S-CM-FK). 
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Gel fi 1trati on 
The subunit protein of feather keratin or monomer described by 
Rougvie (1954) and Woodin (1954) was resolved from polymer, dimer, and 
salt by gel filtration chromatography on Sephadex G-lOO (Sephadex G series 
gels were obtained from Pharmacia Fine Chemicals, Inc.). Since the 
various constitutents of S-CM-FK, viz. polymer, dimer and monomer, differ 
principally in size, the method of gel filtration which fractionates 
according to size was applicable. The columns were typically 2.5 x 90 cm 
and packed according to the procedure outlined in Appendix A. Samples 
were applied to the column in a sample volume never more than 3% of the 
column volume. The sample was eluted from the column at a flow rate of 
0.30 ml/min with pH 8.5 borate buffer (0.02 M NazB^Oy'lOHzO, 0.04 M NaCl) 
and gave monomer peaks well resolved from polymer, dimer, and salt. The 
monomer peak was collected, freeze-dried, and rechromatographed two 
additional times to insure the purity of the monomer samples. The purified 
monomer was stored frozen at -10°C as a solution in the eluting buffer, 
pH 8.5 borate. The keratin at this stage was known as S-carboxymethyl 
feather keratin monomer (S-CM-FKM). 
Ion-exchange chromatography 
S-CM-FKM was found to be resolved into five or six components by 
chromatography on DEAE (diethyl aminoethy1) cellulose columns. The DEAE 
cellulose derivative was first described by Peterson and Sober (1956) as 
a general method for protein fractionation. The cellulose derivative was 
found to give the best resolution when eluted with an unbuffered salt 
gradient. 
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The columns were typically 2.0 x 50 cm and were packed with fibrous 
DEAE cellulose which was obtained from Sigma Chemical Co. Before using, 
the cellulose was first washed with six volumes of 2 M NaCl followed by 
five washes of two volumes each of 0.002 M NaCl (starting solution). 
Fines were removed by repeated settlings and décantations (9-10 times). 
Finally, dissolved carbon dioxide was removed by degassing the cellulose 
suspension under a vacuum in a suction filter flask. The cellulose was 
packed into a glass chromatography tube as a 1:4 (v/v) slurry of cellulose 
to starting solution. The packing was conducted as rapidly as possible to 
achieve a thoroughly compacted cellulose bed. This was best done by with­
drawing effluent from the outlet of the column at a rate of 1 ml/min cm^ 
either with suction or with a peristaltic pump. The packed column was 
then topped-off with a 0.2 x 2.0 cm porous polyethylene disk obtained from 
Bel-Art Products. 
The protein was prepared for chromatography by dialysis against 0.001 
M NaCl. The dialysis was performed at 5 - 10°C for about 20 hours or until 
the ionic strength was 0.002 or less (determined by conductance measure­
ments). This last criterion was found to prevent smearing of component 
peaks. Following the dialysis, the optical density (275 my) and the total 
volume of the protein solution were determined so that a yield from the 
column could be ascertained. 
A typical run was performed on a DEAE cellulose column that had been 
equilibrated with 5 - 10 volumes of 0.002 M NaCl. A known volume of the 
sample was allowed to percolate into the cellulose bed after which the top 
of the column was refilled with eluent and the column flow begun. The 
column was eluted with a linear salt gradient produced by a two-chamber 
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system (Parr, 1954). The mixing chamber contained the starting solution, 
0.002 M NaCl, while the second chamber contained 0.4 M NaCl. The column 
was allowed to elute by gravity flow with the effluent channeled through 
a UV monitor (254 my) and thence into tubes of an automatic fraction 
collector. 
The resolved keratin components were isolated by appropriate sampling. 
Those fractions corresponding to the component peaks were dialyzed against 
the starting solution to prepare them for refractionation on the cellulose 
column. The components were designated S-CM-FKM-I through S-CM-FKM~VI. 
Disk gel electrophoresis 
As an additional criterion of purity, the fractionated components were 
subjected to disk gel electrophoresis. The method utilizes partitioning on 
the basis of both molecular size and molecular charge to resolve different 
proteins into sharp bands or "disks". The molecular sieving is produced by 
a polyacrylamide gel column of appropriate per cent cross-linking. The 
procedure was essentially that described in the Disk Gel Electrophoresis 
Manual (Canal Industrial Corp., "Canalco", Bethesda, Maryland) and by Davis 
(1959). 
The apparatus consisted of an upper and lower buffer reservoir, a 
small power supply, connecting wires and platinum electrodes for the buffer 
reservoirs, a stand to support the tubelike upper reservoir, a supply of 
gel tubes (6.5 x 0.5, I.D., cm), and a destaining tube (a 8 mm, I.D., glass 
tube with one end constricted). 
The gel column was produced by successive polymerization of a small 
pore gel (1%"), a large pore or spacer gel of approximately 3/8" in length. 
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and finally the sample gel which fills the remainder of the tube. The gel 
tube was removed from the preparation stand and inserted into the apparatus. 
Electrophoresis was conducted at a current of 2 - 5 milliamps for 25 
minutes or until the blue tracer band (methylene blue-glycine) reached the 
bottom of the tube. The tube was then removed from the set-up, the gel 
column removed from the glass tube, stained with Anido Schwartz dye and 
destained. The gel columns were then stored in 1% acetic acid in 3" test 
tubes. 
The principal addition to the procedure (Davis, 1959) was the use of 
3-dimethylamino propionitrile to aid polymerization of the sample gel. 
Apparently, feather keratin inhibits polymerization of the sample gel more 
than a typical protein so that a polymerization aide must be added to force 
polymerization. The sample gel contained the following components: 0.14 ml 
of large pore gel, 0.01 ml of 10% 3-dimethylamino propionitrile, and 0.003 
ml of sample (generally a 1% solution). 
Amino Acid Analysis 
Samples were prepared and analyzed primarily according to the procedure 
outlined in the Beckman 120B amino acid analyzer instruction manual (1962). 
Certain variations on the Beckman procedure were introduced both to insure 
reproducible determinations and to increase efficiency. 
The sample was prepared for hydrolysis by pipetting an aqueous solution 
of the protein (2 mg) into a special hydrolysis flask (a 25 ml round bottom 
flask with a 7 cm neck of 3 mm, I.D. capillary tubing) with a 9" Dispo 
disposable pipette. Generally, an internal standard (g-alanine) was 
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introduced to reference the amounts of amino acids found to moles or 
weight of protein. The protein was freeze-dried in the hydrolysis flask, 
then two ml of 2X glass distilled hydrochloric acid (5.7 N) were introduced 
into the flask, the contents frozen, the flask evacuated to 50 microns of 
Hg, and the capillary neck sealed with an oxygen/gas torch. A number of 
identical samples were prepared as time samples to be removed from the oven 
at regular intervals ranging from 20 - 80 hours. The hydrolysis was 
conducted in a constant temperature oven at 100 ± 1°C. After the hydrolysis 
period, the flask(s) was removed, the seal broken, and the contents 
evaporated with a Roto-Vac rotary evaporatory. The residue was then taken 
up with 3 - 5 ml of pH 2.2 Beckman 120B sample diluter buffer (one liter 
of buffer contains the following components: Na3C6Hs07*2H20, 19.5 gm; 12.1 
N HCl, 16.5 ml; thiodiglycol, 20 ml; 50% BRIJ-35, 2 ml; 0.5% pentachloro-
phenol in 95% ethanol, 0.1 ml). 
Samples were analyzed on the Beckman 120B amino acid analyzer and a 
description of the method is outlined in the Beckman 120B manual. 
End Group Analysis 
N-terminal 
Various techniques have been used to determine the N-terminal amino 
acids of S-CM-FKM. A method introduced both by Winstead and Wold (1964) 
and by Offer (1965) was used to determine the acylated N-terminal of 
peptides were screened from an enzymatic digest with an ion-exchange resin 
and hydrolyzed to determine the constituent amino acids. The N-terminal 
amino acids were determined by the dansyl method (Hartley and Massey, 1956). 
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Ac.ylated N-terminal An equimolar solution of S-CM-FKM and 
N-acetyl-3-alanine in 0.1 M KCl was introduced into the jacketed 25 ml 
titration cell of a pH-stat. The temperature of the solution was main­
tained at 38°C and the pH adjusted to 7.5 with 0.05 M KOH from an automatic 
burette. After the system had come to equilibrium and no further base 
uptake occurred, pronase (Calbiochem) was introduced into the mixing 
solution at a ratio of 1:100 (w/w) enzyme to keratin. After enzymatic 
action had ceased (no further base uptake), the solution was acidified to 
pH 3 and allowed to percolate into the resin bed of a 0.9 % 20 cm Dowex 
50 X 2 (H^ form) column. The resin was washed with 15-20 volumes of 
deionized water and the effluent collected and freeze-dried. The residue 
was taken up in 2 ml of 2X glass distilled 5.7 N HCl and transferred to a 
hydrolysis flask which was then evacuated and sealed. The hydrolysis was 
conducted at 110 ± 1°C for exactly 21 hours. The hydrolysate was 
evaporated, resuspended in pH 2.2 sample dilutor buffer, and committed to 
amino acid analysis. 
Free N-terminal In general, the reaction procedure of Morse and 
Horecker (1956) was followed. An equimolar solution of S-CM-FKM and g-
alanine in 0.1 M NaHCus was mixed with an equal volume of 1-dimethylamine-
S-sulfonyl chloride (DNS-Cl) in acetone (3 mg/ml) so that a 50-fold molar 
excess of reagent to protein was achieved. The solution was stirred 
vigorously for 2 hours at room temperature followed by gentle evaporation 
on a rotary evaporator. The residue was dissolved in 5.7 N HCl and 
submitted to the hydrolysis procedure (see Amino Acid Analysis). After 
evaporation of the hydrochloric acid, the residue was taken up in acetone-
0.1 M acetic acid (3:2, v/v) and stored in a glass-stoppered microvial at 
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room temperature. The DNA amino acids were chromatographed on Silica Gel 
G thin layers 250 microns thick prepared according to Randerath (1964)J 
The separation was facilitated by two-dimensional chromatography in two 
solvent systems: 
1. chloroform-ethyl acetate-methanol-acetic acid (30:50:20:1, v/v/v/v), 
2. chloroform-benzyl alcohol-acetic acid (70:30:3, v/v/v). 
The spots were identified when compared to the Rf value(s) of the internal 
standard DNA amino acids run on the same chromatogram. 
The method was quantitated by using labeled DNS-Cl (C^^). The 
quantitative procedure was much the same as the foregoing except for 
contamination precautions. The DNA amino acids were transferred from the 
silica gel layer into labeled test tubes by scraping the spots onto smooth 
weighing paper. The silica Gel G powder containing the DNA amino acid(s) 
was suspended in 10 ml of Bray's scintillator solution (Bray, 1960), 
transferred to a labeled scintillation vial, and counted in a Packard Tri-
Carb liquid scintillation spectrometer (counting time, 10 min/tube; gain, 
24%; window settings at 500 infinity). After subtraction of the back­
ground count from each sample, the number of moles of amino acid to moles 
of protein was determined by referencing to the count of the internal 
standard, 3-alanine. 
C-terminal 
Two conventional methods of C-terminal determination were employed to 
insure the accuracy of the results. These were hydrazinolysis and 
^The Silica Gel G was obtained from Brinkman Instruments, Inc. 
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hydrolysis with carboxypeptidase A. 
The hydrazinolysis method of Akabori (1953) was modified for use with 
the amino acid analyzer. The protein (1 ym) and an equal molar amount of 
3-alanine were suspended in 1 gm of anhydrous hydrazine and transferred to 
a hydrolysis flask. The flask was evacuated to 50 microns, sealed and 
heated at 100°C for 10 hours. Following the hydrazinolysis, the solution 
was transferred to a small test tube and the hydrazine carefully evaporated 
in vacuo over concentrated sulfuric acid. The residue was then dissolved 
in pH 2.2 sample dilutor buffer (see Amino Acid Analysis) and submitted to 
amino acid analysis. The results were corrected for decay by extrapolating 
to zero from standard decay curves (Appendix D). 
The enzymatic method was adapted from Harris and Li (1955) and 
involved incubation of the protein with carboxypeptidase and estimation of 
the freed amino acids with the amino acid analyzer. 
Fifty milligrams of S-CM-FKM were dissolved in 11 ml of 0.01 M NaCl 
and the pH adjusted to 8.0. The solution was incubated at 40°C in a 
jacketed titration cell connected to a pH stat. The pH was maintained 
with 0.001 M KOH. The reaction was started by the addition of 0.450 mg of 
DFP (diisopropylfluorophosphate) treated carboxypeptidase A (Worthington 
Biochemical Corporation) and was followed for 34 hours. After the incu­
bation, the solution was heated to 100°C for 1 minute and five milliliters 
of acetone was added to precipitate protein and enzyme. The precipitate 
was removed by centrifugation. Four milliliters of the supernatant solution 
was evaporated on a rotary evaporator and the residue dissolved in five 
milliliters of pH 2.2 sample dilutor buffer for amino acid analysis. 
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Miscellaneous Determinations 
Nitrogen 
The micro-Kjeldahl method of Ma and Zuazaga (1942) was used to 
determine the nitrogen content. The procedure was used both as a basis 
for concentration determination and as a basis for comparison with 
literature preparations. 
Prior to the nitrogen determination, three aliquots of a purified 
S-CM-FKM solution were pipetted into preweighed porcelain crucibles and 
brought to constant dry weight by heating at 80°C in vacuo. The contents 
of the crucibles were ignited at 1500°C for twenty minutes in an electric 
muffle furnace. In this manner, the weight concentration of the protein 
in the solution was determined. 
In the micro-Kjeldahl method, aliquots of the same protein solution 
were pipetted into fifty milliliters Kjeldahl flasks. The contents were 
acidified with sulfuric acid and concentrated to less than on milliliter 
by distillation. The residual solution of each flask was then refluxed 
with one milliliter of concentrated sulfuric acid and a Hengar granule 
(a sellenium coated boiling chip obtained from Hengar Company, Philadel­
phia) until the solution became colorless. At this point two milliliters 
of distilled water was added (after cooling the solution) and the ammonia 
d i s t i l l ed  f rom the  a lka l i zed  so lu t ion  in to  f i ve  m i l l i l i t e rs  o f  5% H3BO3.  
The ammonia was determined by titration with 0.0100 M HCl from an automatic 
burette. A mixed indicator composed of 0.1% bromocresol green - 0.1% 
methyl red (5:1, v/v) in 95% ethanol was used to determine the end point. 
The mixture changed from a deep-blue in the basic solution to a gray and 
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finally to a gray-orange at the end point. 
Molar extinction coefficient 
The molar extinction coefficient (Ej^) as defined by a form of the 
Beer-Lambert Law, 
log I/Ig = E^cl 
(where 1 is the sample thickness in cm, c is the concentration in moles/ 
liter, and and I are incident and transmitted intensities), was deter­
mined for the protein to provide a simple means of concentration deter­
mination. As a prerequisite to the determination, both the molecular 
weight and the nitrogen content had to be obtained. The former value was 
obtained from prior work (Harrap and Woods, 1964b) as 10,400 and the latter 
parameter was determined by the micro-Kjeldahl method previously described. 
The determination was performed on three different concentrations of thrice 
purified S-CM-FKM in the pH 8.5 gel filtration buffer (0.02 M NagB^Oy'lO 
H2O, 0.04 M NaCl). The optical density of the solutions at 275 my was 
measured with a Gary 15 recording spectrophotometer. 
Tryptophane 
Tryptophane content of feather keratin was determined both by the 
method of Beaven and Holiday (1952) and by difference spectrophotometry. 
As in the extinction coefficient method, a standard solution of thrice 
purified S-CM-FKM was used and dialyzed against distilled water as a dilute 
solution (to minimize polymerization). The dialyzed protein was subse­
quently freeze-dried and resuspended in 0.1 M NaOH to form the working 
solution. The nitrogen content. I.e. the protein concentration, of the 
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solution was ascertained by the micro-Kjeldahl method. The optical 
densities at 294.4 my and at 280 my were then measured on the Gary 15 and 
these values used to obtain the molar ratios of both tyrosine and 
tryprophane to moles of protein by inserting the optical densities in the 
following equations: 
= [(0.592k294^4 - O.ZSSkggo) x 10":] • M 
Vy = [(0.263k23Q - O.iyOkgg* 4) X 10-3] • M, 
where k is the extinction coefficient of the protein (protein concentration 
is in mg/ml) and M is the molecular weight of the protein. 
In addition, a difference spectrum methods was used to arrive at 
analogous values. The spectra of keratin solutions whose concentration 
was decreased in small increments for each successive spectrum were 
determined against a tyrosine solution of unvarying concentration (the 
protein solution was placed in the sample compartment and the tyrosine 
solution in the reference compartment). A molar ratio of tyrosine to 
tryptophane was obtained from the concentration at which the resulting 
spectra had the correct maximum and minimum ratios for the tryptophane 
spectrum. 
Amides 
The number of side chain amides was determined by acid-base 
titration with a Radiometer Automatic titrimeter. The type of titration 
curve obtained gave estimations of side chain carboxyls, histidine 
imidazoles, lysine e-aminos, tyrosine phenolic hydroxyls, and N-terminal 
a-amino groups. 
A thrice purified sample of S-CM-FKM was dialyzed against distilled 
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water and freeze-dried. The dried protein was then dissolved in 1 M KCl 
with thorough swirling. Any undissolved material was removed by centri-
fugation at 70,000 x gravity for three hours and the protein concentration 
determined by the micro-Kjeldahl method. A 10 ml aliquot of the solution 
was then introduced into a cone-shaped titration cell and dissolved 
carbon dioxide removed by equilibration with a nitrogen atmosphere. The 
solution was stirred continuously with a magnetic stirrer and brought to 
pH 11 with 1 N KOH. The automatic titration was begun by the continuous 
addition of 0.100 M HCl until pH 2 was reached (the pH was recorded as a 
function of the volume of titrant). The titration was repeated on 
additional aliquots of the protein solution and on 1 M KCl for the blank. 
The blank titration curve was subtracted from the sample titration curves 
to obtain the protein titration curve. The difference between the number 
of side chain carboxyls determined by acid-base titration and by amino 
acid analysis gave the number of side chain amides. 
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RESULTS 
Isolation and Purification 
The reduction and alkylation procedure resulted in the solubilization 
of about 80% of the calamus as determined by acid precipitation, drying, 
and weighing of the S-carboxymethylated feather keratin. The procedure, 
however, resulted in a large amount of polymerization prior to and during 
the alkylation step. The actual yield of monomer after removal of the 
aggregates and peptides was 35% of the original starting material. From 
amino acid analysis data, the alkylation procedure converted 98 - 99% of 
the cysteine to S-carboxymethyl cysteine. 
Gel filtration 
Under the conditions outlined in the methods section, S-CM-FK was 
resolved into four distinct peaks as shown in Figure 1. The components 
referred to, in their order of elution, as polymer, dimer, monomer, and 
salt and reaction products (possibly peptides). The resolution of these 
peaks from one another was highly dependent on the packing nature of the 
gel bed. With good columns one could resolve additionally both a peak 
immediately following the polymer peak (trimer) and one following the 
monomer peak termed a should (Figure 2). The monomer peak was recovered 
in such a way as to minimize contamination by the neighboring dimer peak 
and the trailing monomer shoulder and peptide peaks. Figure 3 shows the 
evident purification of the monomer sample upon refractionation on the 
same column. 
The relative amounts of each component are presented in Table 1. 
The values were determined by resolution (see Appendix B) and integration 
Figure 1. Sephadex G-lOO chromatography of S-carboxymethyl feather 
keratin 
Column size was 2.5 x 90 cm and eluted with pH 8.5 borate 
buffer (0.02 M Na B 0 , 0.04 M NaCl). The % transmission 
readings on the vertical scale were determined at 254 my. 
Figure 2 .  Sephadex G-lOO chromatography of S-carboxymethyl feather 
keratin with a well packed column 
The elution pattern reveals the additional components, 
trimer and monomer shoulder. 
Column is the same as in Figure 1. 
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Figure 4. Molecular weight of S-CM-FK components 
Sephadex G-lOO chromatography as in Figure 1. 
The molecular weights are measured from the leading inflection 
point of a peak, e.g. the molecular weight of the monomer peak 
is measured at V = 265 ml. 
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of the peaks from a typical G-lOO fractionation pattern of S-CM-FK. The 
biuret reagent (Gornall et al., 1949) was used to follow the elution, 
since the color reaction is almost entirely dependent upon the number of 
peptide bonds present (Sober eû al., 1965). 
Table 1. Relative amounts and molecular weights of S-CM-FK components 
polymer dimer monomer shoulder peptides 
Molecular 
weight^ 
40,000 20,000 10,000 2,800 O
 
o
 
o
 
Weight % of 
S-CM-FK 
8.4 6.7 66.6 12.6 5.8 
Weight % of 
S-CM-FKb 
— 7.8 77.5 14.7 
^The molecular weight are only approximate values with error in the 
range of ± 15%. 
'^The ratios between the monomer and dimer and shoulder are considered 
more important since the amount of polymer varies considerably due to 
aggregation. 
Estimates of the molecular weight of each component are also given in 
Table 1. These estimates were obtained from conversion of a calibrated 
elution pattern for globular proteins to one for random coil proteins 
(Andrews, 1964). The fractionation of proteins by Sephadex G-lOO is 
determined more by the relative difference in diffusion coefficients than 
in molecular weights (Andrews, 1965), therefore globular and random coil 
elution patterns are interconvertible through their constituent diffusion 
coefficients (see Appendix C). Figure 4 represents a typical G-lOO 
pattern with a superimposed molecular weight scale. 
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Ion-exchange 
The purified S-carboxymethyl feather keratin monomer was resolved 
into two major and four minor components by fractionation on fibrous DEAE 
cellulose columns. The six protein fractions were contiguous with one 
another and are numbered from I to VI in their order of elution (Figure 5). 
Each was eluted at a unique ionic strength from the cellulose column. 
These values represent the salt concentration at which the charged groups 
of the protein are in competitive equilibrium with the salt ions for 
binding sites on the cellulose. Table 2 lists these values for each 
component. The relative amount of each component was determined by 
resolution and integration of the peaks as in the gel filtration fraction­
ation. The values are presented in Table 2 as weight per cent of total 
material eluted. 
Table 2. Elution parameters of C-SM-FKM components 
Parameter I II III IV V VI Total 
Weight % 3.4 7.0 7.6 38.5 33.4 10.1 100 
Ionic strength* 0.074 0.095 0.112 0.125 0.139 0.150 — 
% Recovery^ — 57 80 86 87 80 86 
*The ionic strengths were averaged from four different fractionations 
with the average variation of any value as ± 0.003. 
^The % recoveries of individual components were determined from 
single runs while that for the gross fractionation from three runs. 
Figure 5. DEAE cellulose chromatography of thrice purified S-carboxymethyl feather keratin 
monomer 
Sample was eluted from a 2.0 x 50 cm DEAE cellulose column with a salt (NaCl) 
gradient ranging from 0.002 M to 0.4 M. The elution was followed with the 
biuret reagent and the optical density at 540 my of the colored product determined. 
OJ 
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IONIC STRENGTH,// 
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The per cent recoveries of each component and of all the components 
in a gross fractionation are also given in Table 2. These values were 
determined by dividing the optical density-volume product of the effluent 
by the optical density-volume product of the influent 
[(O.D.)( V )] „ 
% Recovery x 100% 
[(O.D.)( V )]inf 
where O.D. is the optical density at 275 my and V is the volume in 
milliliters. 
Considerable difficulty was encountered with the DEAE cellulose 
fractionation. The difficulty was traced to the tendency of keratin to 
aggregate when in highly concentrated solutions. This aggregation occurs 
when the protein is bound in a concentrated band during sample application 
and results in the irreversible loss of sample protein and consequent 
diminished recovery. Microgranular DEAE cellulose (Whatman DE 32) was 
found to exaggerate this tendency and resulted in recoveries of only 
5-10% compared with recoveries of 85-90% with fibrous DEAE cellulose. 
This was presumably due to the much greater local concentration of the 
protein allowed by the much finer particles of microgranular cellulose. 
The various components were easily purified by an additional 
fractionation on the same column. The purified component elution patterns 
are given in Figure 6. 
Disk gel electrophoresis 
The thrice purified S-CM-FKM gave a gel electrophoresis pattern 
revealing two predominant bands or disks and two diffuse bands. This 
result was in agreement with the number of components revealed by 
Figure 6. Purification of S-CM-FKM components 
Centers of component peaks from gross fractionation on DEAE 
cellulose (Figure 5) were rechromatographed on the same 
column (2.0 x 50 cm). 
OPTICAL DENSITY (540 mA) 
. 
CO <x> 
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cellulose chromatography. That the two least concentrated components 
were not seen was probably due to the small amount of material used in 
the analysis. The electrophoresis patterns for the purified components 
each gave single bands of "disks" indicating that the samples were 
homogeneous. 
Amino Acid Analysis 
Table 3 gives the results of amino acid analysis of thrice purified 
S-carboxymethyl feather keratin monomer. The data were compiled from 
five hydrolysis times (8 hours, 21 hours, 34 hours, 54 hours, and 75 
hours) and normalized with the internal standard, 6-alanine. The molar 
yields of the constituent amino acids were extrapolated either to zero 
or infinite hydrolysis time depending on whether the amino acid was being 
destroyed or incompletely released during acid hydrolysis (see Appendix 
D ). The results are reported as micromoles per gram of protein, equi­
valents per mole of protein (assuming a molecular weight of 10,400), mole 
% of total amino acids, and as grams per 100 grams of protein and shown in 
comparison with analogous data of Schroeder et al. (1955) and Harrap and 
Woods (1964a). Amide content was determined from acid-base titration, and 
tryptophane from the spectrophotometric method of Beaven and Holiday (1952). 
In like manner, analysis results are reported for the various S-CM-FKM 
components revealed by DEAE cellulose fractionation. In these analyses, 
only three hydrolysis periods were used: 21 hours, 32 hours, and 51 hours. 
The results were extrapolated to maximal amounts as before and reported 
as in the S-CM-FKM analysis (the molecular weight dependent parameter, 
equivalents/mole of protein, was not included in the absence of molecular 
Table 3. The amino acid composition of S-carboxymethyl feather keratin monomer 
Miii/yiii h r H P f 
Amino acid Mole/mole Mole % gm/100 gm Lit. Lit. 
8 21 34 54 75 Ex 
Lys 3 3 10 5 6 7 0.07 0.07 0.10 0.98 52 
His - - - 1 2 3 4 5 0.05 0.05 0.08 0.59 20 
Arg 312 318 322 323 319 324 3.37 3.26 5.18 6.69 371 
SAC 8 5 7 7 6 7 0.07 0.07 0.12 - — 
CMC 793 798 801 790 746 807 8.39 8.12 14.45 12.4 709 
Asp 528 517 527 529 513 531 5.52 5.34 7.06 7.09 534 
Thr 385 385 365 348 295 391 4.07 3.93 4.65 4.73 345 
Ser 1354 1281 1148 1004 727 1550 16.12 15.60 16.28 15.09 1299 
Glu 614 620 619 622 595 624 6.49 6.28 9.17 8.74 698 
Pro 1006 1010 1016 1037 998 1072 11.15 10.79 12.33 10.98 885 
®The data was extrapolated to maximal values (Ex) from five hydrolysis periods (hours). 
^The data from (a) was converted to moles of residues per mole of protein (Mwt = 10,400). 
''The data from (a) was converted to mole per cent of total moles of amino acids. 
^The data from (a) was converted to grams of amino acids per 100 grams of protein. 
®Schroeder et al. (1955) (in grams of amino acids per 100 grams of protein). 
^Harrap and Woods (1964a) (in micromoles per gram of protein). 
Table 3. (Continued) 
Amino acid 
ym/gm^ 
Mole/mole^ Mole gm/100 gm^ Lit.® Lit.f 
8 21 34 54 75 Ex 
Leu 689 722 694 727 710 742 7.72 7.47 9.72 8.85 664 
Tyr 138 142 142 139 125 143 1.49 1.44 2.59 3.97 143 
Phe 328 331 332 332 319 332 3.45 3.34 5.48 5.76 319 
Try 0.36 
Amide 8.3 
Gly 1313 1322 1326 1326 1305 1334 13.87 13.42 10.00 9.60 1171 
Ala 847 860 855 858 843 867 9.02 8.72 7.72 7.12 729 
Val 616 781 820 844 841 892 0.28 8.97 10.44 8.43 673 
Met 2 5 6 6 6 7 0.07 0.07 0.10 0.34 13 
lieu 257 292 296 297 300 304 3.16 3.06 3.98 3.94 280 
Total 9939 103.72 100.00 119.44 116.7 8905 
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weight data). Table 4-8 present the data for the components S-CM-FKM-II 
through S-CM-FKM-VI, respectively. Amide and tryptophane content were not 
determined (with the exception of S-CM-FKM-IV) for lack of material. 
End Group Analysis 
The end group determinations were performed on samples of S-carboxy-
methyl feather keratin monomer that had been repeatedly purified by gel 
filtration fractionation. Generally, thrice purified S-CM-FKM was used 
unless otherwise specified. 
N-terminal 
Acylated The enzymatic method (Offer, 1965; Winstead and Wold, 
1964) for the determination of acylated N-terminal amino acids was 
performed on thrice purified S-CM-FKM. The protein was hydrolyzed to the 
extent of about 12% of its available peptide bonds with the enzyme 
pronase. The resulting peptide fragment were screened with a Dowex 50 
2 column (H^ form) and gave a ninhydrin-negative "front" which was 
presumed to contain acidic acylated N-terminal peptides and amino acids. 
Table 9 presents the data from hydrolysis and amino acid analysis of the 
Dowex "front". The data were corrected for destruction and incomplete 
hydrolysis (from S-CM-FKM amino acid analysis data) and normalized to 
moles per mole of protein with the internal standard, N-acetyl-g-alanine. 
This internal standard was selected because its blocked amino group would 
allow it to be washed through the Dowex column alone, with the acyl ated 
N-terminal peptides from the protein. 
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Table 4. The amino acid composition of S-CM-FKM-II 
ym/gm 
Amino acid Mole % gm/100 gm 
21 hr 32 hr 51 hr Ex 
Arg 245 265 279 332 3.31 5.31 
CMC 566 563 560 568 5.66 10.17 
Asp 500 496 496 500 4.99 6.65 
Thr 358 347 327 
CO C
O
 
3.80 4.53 
Ser 1320 1201 1072 1551 15.47 16.29 
Glu 616 616 616 616 6.14 9.06 
Pro 912 929 939 966 9.63 11.11 
Gly 1456 1479 1503 1544 15.40 11.58 
Ala 847 860 871 888 8.86 7.90 
Val 786 860 925 1082 10.78 12.66 
lieu 269 296 313 364 3.63 4.77 
Leu 633 677 698 739 7.37 9.68 
Tyr 80 78 70 81 • 0.81 1.47 
Phe 415 415 415 415 4.14 6.85 
Total 10026 99.99 118.02 
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Table 5. The amino acid composition of S-CM-FKM-III 
ym/gm 
Amino acid Mole % gm/100 gm 
21 hr 32 hr 51 hr Ex 
Arg 212 215 219 225 2.25 3.60 
CMC 673 665 632 710 7.12 12.71 
Asp 485 472 466 495 4.96 6.58 
Thr 420 416 403 433 4.34 5.15 
Ser 1509 1471 1390 1608 16.12 16.88 
Glu 611 609 605 614 6.15 9.03 
Pro 1117 1106 1097 1125 11.26 12.94 
Gly 1300 1296 1286 1309 13.12 9.82 
Ala 985 976 974 991 9.93 8.82 
Val 693 729 853 982 9.84 11.49 
lieu 277 301 306 337 3.38 4.41 
Leu 732 750 757 776 7.78 10.17 
Tyr 99 98 98 99 0.99 1.79 
Phe 270 272 273 275 2.76 4.54 
Total 9978 100.00 117.93 
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Table 6. The amino acid composition of S-CM-FKM-IV 
ym/gm 
Amino acid Mole % gm/100 gm 
21 hr 32 hr 51 hr Ex 
Arg 246 252 256 266 2.71 4.26 
CMC 849 843 830 860 8.77 15.93 
Asp 488 488 488 488 4.98 6.49 
Thr 425 424 422 426 4.35 5.07 
Ser 1464 1428 1367 1526 15.57 16.02 
Glu 583 592 602 612 6.24 9.00 
Pro 1100 1096 1093 1105 11.27 12.71 
Gly 1174 1181 1184 1191 12.15 8.93 
Ala 911 931 948 971 9.91 8.64 
Val 659 731 782 875 8.93 10.24 
lieu 263 275 285 303 3.09 3.97 
Leu 765 776 788 804 8.20 10.53 
Tyr 126 126 125 127 
O
 
CO 
2.30 
Phe 246 241 240 248 2.53 4.09 
Total 9802 100.00 118.18 
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Table 7. The amino acid composition of S-CM-FKM-V 
ym/gm 
Amino acid Mole % gm/100 gm 
21 hr 32 hr 51 hr Ex 
Arg 284 281 276 291 3.05 4.66 
CMC 913 911 907 915 9.58 16.38 
Asp 613 619 622 632 6.61 8.41 
Thr 357 347 341 367 3.84 4.37 
Ser 1245 1174 1110 1346 14.09 14.13 
Glu 681 691 700 720 7.53 10.58 
Pro 984 981 979 988 10.34 11.36 
Gly 1155 1164 1175 1185 12.40 8.89 
Ala 745 736 733 748 7.83 6.66 
Val 732 791 818 909 9.51 10.64 
lieu 274 276 282 288 3.01 3.77 
Leu 635 641 644 655 6.85 8.58 
Tyr 170 166 164 175 
00 00 
3.17 
Phe 337 337 337 337 3.53 5.56 
Total 9555 100.01 117.15 
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Table 8. The amino acid composition of S-CM-FKM-VI 
ym/gm 
Amino acid Mole % gm/100 gm 
21 hr 32 hr 51 hr Ex 
Arg 319 325 329 335 3.53 5.36 
CMC 926 949 964 989 10.43 17.70 
Asp 680 678 674 683 7.20 9.08 
Thr 352 349 337 363 3.83 4.32 
Ser 1202 1158 1077 1302 13.73 13.67 
Glu 696 698 700 702 7.40 10.32 
Pro 973 
cn 
965 979 10.32 11.26 
Gly 1139 1141 1143 1145 12.07 8.59 
Ala 715 715 714 717 7.56 6.38 
Val 710 764 802 878 9.26 10.27 
lieu 255 257 257 259 2.73 3.39 
Leu 636 644 646 652 6.87 8.54 
Tyr 134 132 127 138 1.46 2.50 
Phe 337 329 325 343 3.62 5.66 
Total 9484 100.01 117.05 
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Table 9. The identity and concentration of the acylated N-terminal amino 
acids and the near N-terminal sequence 
Amino acid Moles/mole of protein 
Arg 
CMC 0.339 
Asp 0.041 
Thr 0.016 
Ser 0.360 
Glu 0.065 
Pro 0.065 
Gly 0.038 
Ala 0.017 
Val 0.008 
lieu 
Leu 0.005 
Tyr 0.016 
Phe 0.003 
Total 0.973 
The identity of the acylated N-terminal may be ascertained from the 
data by reference to the following considerations: 
(1) In the data for an ideal N-acylated polypeptide (all amino acids 
are different), the N-terminal amino acid would occur as the most con­
centrated amino acid while amino acids further removed from the N-terminal 
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would occur in correspondingly lower concentrations. 
(2) In the case of a non-ideal N-acylated polypeptide (where certain 
amino acids repeat in the sequence), the number of repeats of the N-
terminal-amino acid in the N-terminal sequence may be determined as the 
number of moles of the amino acid per mole of polypeptide (from the 
internal standard). 
(3) In the case of a heterogeneous N-acylated polypeptide, these same 
rules apply if the relative concentrations of all the constituents are 
known and provided that the degree of heterogeneity is limited to two or 
three constituents. 
From the S-CM-FKM data, the N-terminal appears to be heterogeneous 
since neither of the amino acids in greatest concentration (S-CM-cysteine 
and serine) exceed or are equal to the concentration of the protein. More­
over, these same amino acids fail to exceed the concentration of the 
constituent in greatest concentration (S-CM-FKM-IV, 38% w/w) and therefore 
from the second consideration these amino acids must not repeat in the 
N-terminal sequence. In conclusion, the N-terminal sequence appears to be 
in accordance with the first consideration and in view of the hetero­
geneity of the N-terminal the two amino acids in greatest concentration 
(S-CM-cysteine and serine) must be the N-acylated N-terminal amino acids. 
Similar conclusions can be made for the next most concentrated amino acids, 
proline and glutamic acid. 
Free The dansyl method (Hartley and Massey, 1956) was used both 
qualitatively and quantitatively to determine the free N-terminal amino 
acid(s) of various S-CM-FKM preparations. The preparations varied from a 
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once purified sample to a five-fold purified sample. The data presented 
in Table 10 represents the molar amounts of amino acids as free N-terminal 
amino acid(s) per mole of protein for various levels of purification of 
S-CM-FKM. 
Table 10. Free N-terminal amino acids of S-CM-FKM 
Amino acid Purifications^ 
IX 3X 4X SX 
Glycine 0.74 0.22 0.12 0.07 
Alanine 0.82 0.25 0.17 0.15 
Isoleucine 0.14 -— 
Leucine 0.07 - —-
Total 1.17 0.47 0.29 0.22 
^Free N-terminal amino acids in each sample are reported as moles per 
mole of protein. 
Quantitation of the results was provided by referencing the count of 
the DNS amino acids to that of the internal standard, DNS beta-
alanine, The results from the quantitative DNP determination are also 
presented in Table 3 and show general agreement with the corresponding 
total N-terminals from the dansyl method. 
C-terminal 
The identity of the C-terminal amino acid(s) was determined both by 
enzymatic hydrolysis with carboxypeptidase, and by hydrazinolysis. The 
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combination provided not only a check on the results, but also differenti­
ation between C-terminal amino acids and non-C-terminal amino acids, since 
hydrazinolysis liberates only C-terminal amino acids while carboxypeptidase 
yields both C-terminal amino acids and amino acids in the near C-terminal 
sequence. The results are presented in Table 11. 
Table 11. The C-terminal and near C-terminal amino acids of S-CM-FKM^ 
Amino acid Carboxypeptidase (I) Hydrazinolysis (II) I-II^ 
CMC 0.26 0.26 
Thr 0.03 —— 0.03 
Ser 0.21 —— 0.21 
Gly O.n 0.11 
Ala 0.07 0.07 
lieu 0.02 0.02 
Leu 0.46 0.44 
Phe 0.42 0.39 
^Data reported as moles per mole of protein. 
^Data results from the subtraction of amino acids in column II from 
those in column I (Phe and Leu were assumed to be approximately equal). 
The data were normalized to moles of protein with the usual internal 
standard, beta-alanine. The third column in the Table (I-II) represents 
the amino acids in the near C-terminal sequence. Those in the greater 
relative concentration are nearer the C-terminal. 
The results from the C-terminal closely parallel the N-terminal 
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results in that two amino acids predominate as the end groups and probably 
' belong to the two principle components of feather keratin, S-CM-FKM-IV and 
S-CM-FKM-V. 
Miscellaneous Determinations 
Nitroqen 
The per cent nitrogen of S-CM-FKM was determined with the micro-
Kjeldahl method to be 16.2 ± 0.2. The average deviation of the mean, ± 0.2, 
was determined from three analyses of the thrice purified protein. The 
value for the per cent nitrogen was fairly close to the value reported by 
Harrap and Woods (1964a): 16.40 ± 0.052 (the authors performed the 
analysis on nine samples). 
Molar extinction coefficient 
The molar extinction coefficient (Ej^) was determined at 275 my, the 
maximum of the spectrum from three different concentrations of the protein 
in the pH 8.5 gel filtration buffer (Figure 8). The value was found to be 
4.84 X 10^ ± 0.03 M~^«cm"^. The molar extinction coefficient was routinely 
used in concentration determinations of protein solutions. 
Tryptophane 
The method of Beaven and Holiday (1952) was used to determine the 
number of moles of tyrosine and tryptophane per mole of S-CM-FKM. The 
concentration in mg/ml of a standard protein solutio,: in 0.1 M NaOH was 
determined with the micro-Kjeldahl method and the optical density at 280 
and 294.4 my measured. The specific absorption coefficient, k (k = O.D./ 
Figure 7. Molarity of S-CM-FKM versus optical density showing 
Beer-Lambert 1i neari ty 
Figure 8. The ultraviolet spectrum of S-CM-FKM in pH 8.5 borate buffer 
(0.02 M NazB^O?, 0.04 M NaCl) showing the contributions to 
the molar extinction coefficient, Ef/], of the amino acids, 
tyrosine, tryptophane, and phenylalanine 
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mg/ml), was then determined for the optical densities at the two wave­
lengths and substituted into the Beaven and Holiday (1952) equations for 
calculation of the moles of amino acid per mole of protein. The results 
are presented in Table 12. 
Table 12. The determination of the tyrosine and tryptophane content by 
the spectrophotometric method of Beaven and Holiday 
k a 
*280 
k a 
*294.4 m* 
mb 
^Tyr/^Try 
0.472 0.494 1.75 0.43 4.12 
^Expressed as optical density/(mg/ml). 
'^Expressed as moles per mole of protein (Mwt = 10,400). 
Table 13 presents the results for the determination of both tyrosine 
and tryptophane by the difference spectra method. In the method, the 
resolved optical densities contributed by tyrosine and tryptophane to the 
total optical density at both 275 my and 280 my are converted to moles per 
mole of protein from the known molar concentration of the protein and the 
known extinction coefficients for the two amino acids. 
From the two methods, the mean values for both tyrosine and 
tryptophane content were determined: 
"Tyr = 1-70 
"Vry " 0-42 
The method of Beaven and Holiday is compromised somewhat by "haze" in the 
protein solution which gives slightly higher tyrosine values and 
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Table 13. The determination of the tyrosine and tryptophane content by 
difference spectroscopy 
Amino acid Optical Density^ Molarity^ m nYyr/mTry 
Tyr 0.298 1.99 X 10-4 1.64 
3.90 
Try 0.280 5.10 X 10-5 0.42 
The optical densities were resolved from the optical densities of 
the protein solution (0.121 um/ml) at 275 and 280 for tyrosine and 
tryptophane, respectively. 
^The molarity was determined from the optical densities with the 
molar extinction coefficients for tyrosine (1.5 x 10^) and tryptophane 
(5.5 X 103). 
correspondingly lower tryptophane values. This was partially compensated 
for by extrapolating the optical density due to the "haze" in the non-
absorbing region (from 300 to 340 my) through the absorption band and 
adjusting the optical densities at 280 and 294.4 my accordingly. 
A tryptophane determination was performed on S-CM-FKM-IV which had 
been isolated in sufficient quantity to perform the analysis. In the 
absence of the gravimetric values for the component, only the ratio of 
tyrosine to tryptophane was determined. 
^Tyr/^Try = 2.91 
Amides 
The side chain amide content of S-CM-FKM was determined through 
subtraction of the number .of free carboxy groups determined by acid-base 
titration from the sum of the side chain carboxyls and C-terminal 
determined from amino acid analysis. In addition, the titration (Figure 9) 
Figure 9. Titration curve of S-CM-FKM 
The Figure shows the portions of the titration curve due to carboxylic acid, alpha-
ami no, and the phenolic hydroxyl of tyrosine. 
EQUIVALENTS/MOLE OF PROTEIN 
- o 
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provided estimates of various other ionizable side chain groups. The 
results (from the titration) are presented in Table 14. 
Table 14. The molar content® of ionizable groups in S-CM-FKM 
Groupé Titration Amino acid analysis Difference 
Phenolic -OH 
Alpha -NHz 
Carboxylic acid 
®The molar content is in moles per mole of protein. 
^Yhe alpha -NH2 is present only at the N-terminal of the protein. 
The carboxylic acid groups are contributed by aspartic acid, glutamic acid, 
S-carboxymethyl cysteine, and the C-terminal. 
In summary, there appear to be 8.2 moles of amides per mole of protein 
or about 70% of the available acidic residues in the protein. The value 
reported by Harrap and Woods (1964a) of 8.9 amides per mole of protein, 
indicates a slight difference in the two preparations. 
1.8 1.5 
Q.  4  ——— ——— 
13.5 21.7 8.2 (amides) 
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DISCUSSION 
The monomen'c protein of feather keratin has been characterized. The 
protein was shown to be composed of two major and four minor components. 
Amino acid analysis has revealed the expected variation between the 
fractions with cysteine showing the most marked differences. Both C- and 
N-terminals were shown to be heterogeneous and to have component pro­
portions which correspond to the proportions of the feather keratin 
components. 
The reduction procedure of Harrap and Woods (1964a) for the solubil­
ization of the feather protein, gave an adequate yield (53%) of the 
monomer from starting material (calamus). In addition, the conversion 
of the free sulfhydryl into the S-carboxymethyl derivative was shown to 
be nearly complete (98%). The resolution of the monomeric unit from the 
other by-products of solubilization, was facilitated by gel filtration 
chromatography (Hail, 1954). Rechromatography gave a single band. The 
evident homogeneity of the monomer peak from gel filtration is in agree­
ment with the conclusion of others that the monomer of subunit possesses 
size homogeneity (Rougvie, 1954; Harrap and Woods, 1964b). 
Although the monomer is believed to be homogeneous with respect to 
size, it has been shown to be heterogeneous in electrophoretic mobility 
(Harrap and Woods, 1954a; Harrap and Woods, 1957). The fractionation of 
S-carboxymethyl feather keratin monomer with DEAE cellulose has resulted 
in the resolution of six component proteins. These components were 
repurified and shown to give single bands with disk gel electrophoresis. 
Finally, the fact that two of the components (S-CM-FKM-IV and S-CM-FKM-V) 
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occurred in nearly equal quantities to the extent of 72% of the protein 
suggests that the model for the feather keratin structure may consist of 
two polypeptide chains rather than one. 
The data in Table 15 summarizes the amino acid composition results 
for S-CM-FKM and the various components. The data are reported as moles 
per 10,000 grams of protein to provide a flexible reference to protein 
molecular weight. In addition, the data have been rounded to two signi­
ficant figures although significant to three. 
Table 15. Summary of the amino acid composition of S-carboxymethyl 
feather keratin monomer and its components 
Amino acid® Moles/10.000 gm of protein run i iiu au i u 
S-CM-FKM II III IV V VI 
Arg 3.2 3.3 2.3 2.7 2.9 3.4 
CMC 8.1 5.7 7.1 8.6 9.2 9.9 
Asp 5.3 cn
 
o
 
5.0 4.9 6.3 6.8 
Thr 3.9 3.8 4.3 4.3 3.7 3.6 
Ser 15.5 15.5 16.1 15.3 13.5 13.0 
Glu 6.2 6.2 6.1 6.1 7.2 7.0 
Pro 10.7 9.7 11.3 11.0 9.9 9.8 
Gly 13.3 15.4 13.1 11.9 11.9 11.5 
Ala 8.7 8.9 9.9 9.7 7.5 7.2 
Val 8.9 10.8 9.8 8.8 9.1 8.8 
lieu 3.0 3.6 3.4 3.3 2.9 2.6 
Leu 7.4 7.4 7.8 8.0 6.6 6.5 
Tyr 1.4 0.8 1.0 1.3 1.8 1.4 
Phe 3.3 4.2 2.8 2._ 3.4 3.4 
Total 99.1 100.3 99.8 98.0 95.6 94.8 
The amino acids, lysine, histidine, methionine, and cystine, were 
present in only trace quantities in the components and have been omitted 
from the table. 
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There are many obvious features that arise from the data. The first 
is that the cysteine content continually increases from component II to 
component VI. This characteristic undoubtedly facilitated the separation 
of the components with DEAE cellulose since the S-carboxymethyl derivative 
of cysteine possessed the carboxylic anion. The data also reveal that 
certain components can be grouped according to similarity in content of 
certain amino acids. Components III and IV seem to be similar to 
each other, but dissimilar to components V and VI in their content of 
proline, alanine, glutamic acid, asparatic acid, leucine, serine threonine, 
and phenylalanine. This fact was confirmed from the ultraviolet spectra of 
the four components wherein it was found that components III and IV had 
predominant "tryptophane" spectra whereas the others had the "tyrosine" 
spectra. Component II seems to be very much different than any of the 
others in its amino acid composition. 
Comparison of the amino acid composition data with literature data, 
specifically that of Schroeder (1955) and of Harrap and Woods (1964a), 
revealed a number of differences (see Table 3). First, both Schroeder 
(1955) and Harrap and Woods (1964a) reported a much higher content of 
lysine, histidine, and methionine than reported in this work. Second, 
large differences were noted for amino acids which either are destroyed 
during hydrolysis (serine and threonine) or are incompletely released 
(valine, isoleucine, and alanine). Finally, both authors reported 
consistently lower amounts of cysteine. This author believes that the low 
values reported for lysine, histidine, and methionine in this work reflect 
the greater purity attained for the monomer samples, and that the data 
reported here for serine and threonine and for valine, isoleucine, and 
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alanine are more reliable because of the method used in this work for 
extrapolating the hydrolysis data. 
Both N-terminal and C-terminal analyses revealed two predominant end 
groups. The absence of direct end groups data for the individual protein 
components allows only speculation as to the source of the end groups. 
However, the preponderance of two end groups both at the N-terminus and 
at the C-terminus leads one to believe that these end groups are associated 
with the two principal constituents of feather keratin monomer, S-CM-FKM-IV 
and S-CM-FKM-V. Although the N-terminus was found to be predominantly 
masked (N-acylated), an analysis for free N-terminal amino acids revealed 
small amounts of two amino acids, glycine and alanine. 
The methods used in both the masked N-terminal analysis and in the 
C-terminal analyses allowed detection of residues near the end groups. 
The identities of the residues nearest the end groups could be ascertained, 
since their concentrations were significantly higher than those of residues 
futher removed from the termini. In addition, assignment of sequential 
position becomes increasingly ambiguous with further removal from the 
termini. Accordingly, the residues nearest the N-terminal amino acids 
(N-Ac-serine and N-Ac-S-CM-cysteine) were found to be predominantly proline 
and glutamic acid, while those nearest the C-terminal (leucine and phenyl­
alanine) were serine and S-CM-cysteine. Table 16 summarizes the end group 
assignments discussed. 
Woodin (1956) who performed both N-terminal and C-terminal analyses 
reported only a tenth of a mole of free N-terminal per mole of protein 
(unfractionated soluble feather keratin) distributed among seven amino 
acids with aspartic acid in the highest concentration (0.045 moles/mole of 
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Table 16. S-carboxymethyl feather keratin monomer end groups 
Sequential position^' 
N N+1 C-1 C 
N-Ac-ser 0.36 Pro 0.06 CMC 0.26 Leu 0.44 
N-Ac-CMC 0.34 Glu 0.06 Ser 0.21 Phe 0.39 
Ala 0.15 
Gly 0.07 
The symbol N refers to the N-terminal position or the first amino 
acid, N+1 is the position lying next to the N-terminus, C-1 is the 
position lying next to the C-terminus, and C refers to the C-terminal 
amino acid and is equal to the number of amino acids in the protein. 
^Yhe quantities of each amino acid are in moles per mole of protein. 
protein). In addition, Woodin reported the C-terminal to be a distribution 
of nine amino acids all of which were in nearly equal quantities. The lack 
of agreement between Woodin's data and that presented in this work, 
although difficult to account for, may be due to the greater extent of 
purification achieved in this work. 
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PART II. THE DISTRIBUTION OF PROLINE WITHIN FEATHER KERATIN 
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INTRODUCTION 
A solution to the prolyl distribution within feather keratin was 
attempted through specific cleavage at proline. The inter-proline spacings 
within the primary structure of feather keratin were determined through 
molecular weight analyses of the cleavage products by gel filtration and 
amino acid analysis. 
In this study, sodium hydrazide (Kauffmann, 1964; Kauffmann and Sobel, 
1966) was used to preferentially cleave the proline iminopeptide bond. It 
was found to be preferable to other reagents (sodium amide, lithium 
aluminum hydride, and lithium methyl amine) due to the lack of side 
reactions, higher reaction yields, and the exclusive specificity of the 
iminopeptide bond. In addition, the reaction solvent (anhydrous hydrazine) 
was found to solubilize proteins better than other solvents (tetrahydro-
furan and methyl amine). The reagent effects the conversion of the imino­
peptide bond of proline to the corresponding imine (N-terminal proline) and 
the acid hydrazide. 
In order to avoid interference with later analyses, the C-terminal 
acid hydrazides liberated during the reaction had to be converted to the 
parent carboxylic acid. This was accomplished by iodination of the 
reaction products (Kolthoff, 1924). 
-CN 
H 
II 
-CNHNHz + 2I2 + 4 HCO3 
0 
II 
-COM + N2+ + 4 COgt +41 +3 H2O 
A non-aqueous, inert solvent had to be used both to adequately 
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solubilize the iodine and to avoid side reactions with the intermediate 
+ 
acyl carbonium ion, RC:0. Benzene was found to serve this purpose. 
The determination of the reaction yield was necessary to ascertain the 
best reaction procedure and to estimate the yield of totally reacted 
material (prolyl peptides) that might be expected from the reaction. This 
was accomplished by dansylation (Hartley and Massey, 1956) and quantitative 
estimation of the DNS-proline to DNS-beta-alanine (internal standard) ratio 
by fluorometry. The dansyl chloride reagent was used since the DNS-proline 
derivative was more stable toward acid hydrolysis than other derivatives, 
e.g. DNP-proline. 
In order to estimate the relative amounts and molecular weights of 
the cleavage products, the peptides had to be separated from one another, 
preferably on the basis of molecular weight. This condition was satisfied 
by the gel filtration method of Carnegie (1965). The method utilized the 
eluting solvent, phenol-acetic acid-water (1:1:1, w/v/v), to minimize both 
ionic and hydrophobic adsorption effects with the gel matrix so to 
fractionate linear peptides exclusively by molecular weight. The author 
formulated a general equation relating molecular weight to distribution 
coefficient. Kg, from data for fourteen known peptides (beta-alanine, 
Mwt = 89, through cytochrome C, Mwt = 12,400). 
(Kq)'^^ = 1.111 - 0.017 (Mwt) 
A molecular weight calculated from this equation was stated to be 
accurate to within ten per cent of the true value. 
The relative amounts or mole fraction of each resolved peptide could 
be determined from the integrated optical densities obtained from the 
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resolved dinitrophenyl peptide spectra (maxima at 370 my). This calcula­
tion was possible because of a one-to-one correspondence between the 
dinitrophenyl binding sites (N-terminal proline) and the peptide. 
Amino acid analysis of the isolated peptides was employed to obtain 
more accurate molecular weight estimates as well as amino acid compositions 
for the peptides. The completeness of cleavage of each of the peptides was 
determined by referencing the molecular weights calculated from amino acid 
analysis to those determined from gel filtration (equivalent molecular 
weights indicated completely cleaved material while integral ratios greater 
than one would indicate various stages of incomplete cleavage). 
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METHODS AND MATERIALS 
Sample Preparation 
Feather keratin that had been thrice purified by gel filtration was 
used for the prolyl cleavage study. The protein was throughly deionized 
by dialysis at 5°C as a dilute solution (less than 0.001 mg/ml) to minimize 
aggregation of the protein. The protein concentration in micromoles per 
milliliter of the dialyzed solution was determined with the micro-Kjeldahl 
method using the per cent nitrogen of 16.2 (this study) and a molecular 
weight of 10,400. In addition, an internal standard (6-alanine) was 
introduced into the solution at a molar concentration equivalent to that 
of the protein. The solution was freeze-dried in the reaction flask and 
trace moisture removed by desiccation in -oaouo over Drierite (CaSO^). At 
this point, the protein was ready for reaction with the sodium hydrazide 
reagent. 
Reagent Preparation^ 
Anhydrous hydrazine 
"Anhydrous" hydrazine as supplied by Matheson, Coleman & Bell (97%+) 
was found to inhibit the reaction of sodium hydrazide with the protein. 
It was believed that the hydrazine was still too hydrated to allow the 
reaction to proceed. Consequently, the "97%+" hydrazine was further dried 
according to the procedure of Kusama (1957) by refluxing over calcium oxide 
^The comments of the originator of the reagent. Dr. Thomas Kauffmann 
(University of Munster, Germany) in a personal communication to Dr. M. A. 
Rougvie, were helpful in the development of procedures given here. 
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powder for three hours and distillation as an azeotropic mixture with 
toluene. The hydrazine was then stored in a paraffin-sealed flask under 
toluene (Reagent). 
Sodium hydride 
The reagent, sodium hydrazide, was prepared from sodium hydride and 
anhydrous hydrazine. The sodium hydride (City Chemical Corporation, New 
York) was in the form of a finely-divided powder wetted with an inert oil 
to inhibit spontaneous combustion. The oil was found to inhibit the 
sodium hydrazide reaction as well as to interfere with later analyses and 
therefore had to be removed. This was accomplished by repeated washings 
of the powder with anhydrous hexane. The washings were conducted in a 
specially constructed glass sealing tube with a sintered glass disk. The 
hexane washes were forced through the sodium hydride bed on the glass disk 
with positive nitrogen pressure (to avoid combustion of the sodium hydride). 
After the last hexane wash, the sodium hydride powder was dried in the 
apparatus in a stream of nitrogen for ten minutes and the tube sealed to 
avoid atmospheric contact. 
Sodium hydrazide 
Sodium hydrazide has been recognized (Kauffmann, 1964) as somewhat 
dangerous to prepare due to its rapid combustion with atmospheric oxygen. 
The reagent was prepared from sodium hydride rather than sodium metal, 
since the reaction still had to be moderated to prevent overheating of the 
reaction mixture and consequent ignition of the evolving hydrogen. This 
was accomplished by conducting the reaction in an excess of ether. The 
reaction follows the scheme: 
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NaH + NH2NH2 Gther ^ Na^NHN^f (yellow) + Hgt + A 
In the reaction, 7.8 millimoles (188 mg) of dried, deoiled sodium 
hydride were suspended in 15 milliliters of anhydrous ether in a 25 
milliliter flat bottom flask (Figure 10). The suspension was stirred 
vigorously with a magnetic stirrer and 126 millimoles (4 ml) of anhydrous 
hydrazine was added dropwise from a 25 milliliter pressure-equilization 
separatery funnel over a six minute period. During the addition, the 
suspension turned a bright yellow color indicating the formation of sodium 
hydrazide. The suspension was stirred an additional four minutes to allow 
the sodium hydrazide-hydrazine solution to coalesce from the ether phase. 
During this period, the separator/ funnel was rapidly replaced with a 
special cylindrical funnel (Figure 11). Finally, the mixing was stopped, 
the stirrer immobilized with a strong external magnet, and the apparatus 
inverted and fitted to the top of the reaction flask apparatus (Figure 12). 
Reaction 
Prior to the reagent preparation, the reaction flask (Figure 12) was 
placed in position on a magnetic stirrer and the water jacket of the flask 
connected to a refrigerated, circulating water bath adjusted to 0°C. With 
about two minutes remaining in the reagent preparation, 50 mg of the dried 
protein (containing about 50 micromoles of proline) was suspended in 61 
millimoles (2 ml) of anhydrous hydrazine and stirred with the magnetic 
stirrer. The reagent preparation apparatus was then attached to the 
reaction flask through the 14/20 standard taper joint as described above 
separatory 
funnel 
^toluene 
-hydrazine 
ether 
hydrazine 
— NaH + 
NaNHNH, 
Figure 10. Sodium hydrazide preparation apparatus 
(during addition of hydrazine) 
cylindrical 
funnel 
ether 
hydrazine 
NaNHNHg 
Figure 11. Sodium hydrazide preparation 
apparatus with separatory funnel 
replaced with cylindrical funnel 
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reagent 
preparation 
flask 
ether 
hydrazine + 
NaNHNHg 
protein 
reagent 
-•-coolant 
The reagent is prepared in the flask (top) and allowed to flow 
into the protein solution in the reaction flask (bottom). 
Figure 12. Reaction apparatus 
75 
and depicted in Figure 12. The heavier reagent layer was allowed to settle 
from the ether phase, the stopcock opened, and the reagent allowed to flow 
into the mixing sample solution. The reaction was generally allowed to 
proceed for one hour. The reaction was terminated by the addition of about 
20 milliliters of distilled water over a five minute period. At all times 
prior to and during the reaction, contact by the solvent and/or the reagent 
with the atmosphere was minimized. 
Manipulation 
Following the reaction and termination with water, the solvents, 
hydrazine and water, were removed by repeated freeze-drying. This was 
found to be the simplest and most efficient method in that the sample was 
conserved and interfering by-products (oximes) from chemical removal with 
aldehydes were avoided. 
Freeze-drying of the sample, however, was unable to remove residual 
hydrazine and the by-product acid hydrazides. This was accomplished by 
iodation of the sample. Generally, the sample was resuspended in an 
arbitrary volume of water (50 - 100 ml) and titrated to a yellow end point 
with benzene saturated with iodine. This indicated that the hydrazine and 
acid hydrazides had been removed. Following separation of the phases by 
centrifugation, the benzene phase was removed by aspiration and the water 
in the water phase removed by freeze-drying. 
Yield Estimation 
The reaction yield was estimated by measuring the amount of N-terminal 
proline released relative to the total amount of proline per mole of 
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protein for S-carboxymethyl feather keratin monomer (11 res/mole). This 
estimation was provided by reaction with the dansyl chloride reagent and 
quantitation by fluorometry of the DNS-derivatives. 
The dansyl procedure was similar to that followed in Methods and 
Materials (Part I) of this work. However, there were two principle 
additions to the procedure. First, after the hydrolysis of the DNS 
protein or peptides, the DNS smino acids were extracted from the salts and 
hydrolyzed reagent (DNS-OH) by multiple extractions with ethyl acetate. 
The extracts were combined, evaporated on a Roto-Vac, and redissolved in 
acetone-0.1 M acetic acid (3:2, v/v) as before. Secondly, the estimation 
of the isolated DNS amino acids was performed with a fluorometer rather 
than scintillation counting of the DNS derivative. 
The DNS amino acids that had been scraped from the thin-layer 
chromatography plate were placed in individual test tubes and suspended in 
three milliliters of doubly distilled 95% ethanol. The suspension was 
filtered through a HAWP (0.45 micron pore size) Millipore filter into a 
second test tube. The fluorescence output of each of the samples was 
measured with an experimental fluorometer pictured in Figure 1 3. in the 
apparatus, the sample was excited by a filtered excitation beam (A) and 
the resultant beam of emitted radiation (B) was filtered and collected by 
a highly sensitive photomultiplier tube. The output of the tube was in 
turn measured on a picoammeter. The excitation wavelength for the DNS-
proline derivative was 330 millimicrons and the emission wavelength was 
510 millimicrons. 
•TO H.V. SUPPLY 
TO PICOAMMETER 
PHOTOMULTIPLIER 
TUBE 
FOCUSING 
LENSES 
LIGHT 
SOURCE 
EMISSION 
FILTER SHUTTER 
CUVETTE (A) 
EXCITATION 
FILTER 
Figure 13. Experimental fluorometer set-up 
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Analysis 
Gel filtration 
The prolyl peptides released by the sodium hydrazide reaction were 
resolved by gel filtration in a novel solvent system: phenol-acetic acid-
water (1:1:1, w/v/v) (Carnegie, 1965). The majority of the fractionations -
were performed on a 2.0 x 60 centimeter Sephadex G-25 column. Later, the 
necessity to resolve front material left unresolved in the G-25 fraction­
ation led to the use of a 2.0 x 80 centimeter Sephadex G-50 column. The 
columns were packed according to the procedure outlined in Appendix A. 
Prior to a run, the columns were equilibrated with five volumes of 
the solvent. The sample was chromatographed both as unmodified or as 
dinitrophenylated material. In either case the sample volume applied to 
the column was never more than two milliliters. In the unmodified case, 
a sample equivalent to 12 - 15 mg of protein was run whereas with the 
dinitrophenylated material a sample equivalent to only 4 - 5 mg of protein 
was necessary, since the DNP tag enabled increased detectability of the 
peptide material. Dinitrophenylation of the peptide material was performed 
by reaction with FDNB in a 1% NaHCOs solution saturated with FDNB for two 
hours at room temperature. The unreacted FDNB was then removed by extrac­
tion with chloroform and the water phase freeze-dried. The residue was 
resuspended in the column solvent and applied to the column. The unmodified 
peptides were likewise freeze-dried prior to chromatography. 
A typical run was performed at a flow rate of 0.5 ± 0.2 ml/min with 
gravity flow (generally a solvent pressure head of 70 - 80 cm provided an 
adequate flow rate). The effluent was conducted directly to the photo­
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electric drop counter of an automatic fraction collector and thence into 
tubes (200 drops/tube or 3.5 ml/tube). During the fractionation of the 
light sensitive dinitrophenyl derivatives, the column, outlet tubing, and 
the fraction collector tubes were protected from the light by appropriate 
covers and shields. 
Immediately following the run, the spectra of the fractions were 
determined between 400 my and 310 my on a Gary 15 recording spectrophoto­
meter. The optical densities of each fraction at 370 mu were plotted versus 
tube number to obtain the quantitative fractionation pattern of the dini­
trophenyl prolyl peptides. The recognizable peaks were resolved by the 
method outlined in Appendix B, integrated with a planimeter, and reported 
as a per cent of the total area. 
Amino acid analysis 
The relative concentrations of the constituents were determined by 
their relative DNP color yield whereas their molecular weights and amino 
acid compositions were determined by amino acid analysis of the isolated 
peptide fractions. Amino acid analyses were performed on peptides 
isolated from the fractionation pattern of the nonderivatized peptides. 
The peptide peaks were revealed by development with the biuret reagent 
(Gornall et al., 1949). Phenol,which otherwise would interfere with the 
biuret reaction, was removed by extraction into two volumes of ether. The 
remaining water^acetic acid phase was freeze-dried twice to remove acetic 
acid and residual phenol. The cuts made in the fractionation pattern were 
made in such a way as to maximize the amount of peptide being isolated and 
yet be consistent with minimizing contaminants. The hydrolysis and amino 
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acid analyses were performed as described in Methods and Materials 
(Part I). 
The number of residues per peptide was determined from the data by 
dividing the total moles of amino acids by that of proline, since 
completely reacted peptides would contain only one proline per peptide. 
In cases of incomplete cleavage, i.e. two - three prolines/peptide, the 
residues/peptide value for the corresponding peptides would be 1/2 to 1/3 
of the gel filtration value, respectively, and would therefore be 
recognized as products of incomplete cleavage. 
Two-dimensional chromatography-electrophoresis 
The heterogeneity of each peptide peak was ascertained with the 
technique of two-dimensional chromatography-electrophoresis. It was 
believed that each peak although apparently homogeneous as to size, was 
still heterogeneous in composition, i.e. peptides of the same size but of 
different sequences. 
The method followed was that of Katz et dl. (1959). The peptide 
samples were the same as those used in the amino acid analyses. Briefly, 
the peptide sample was applied to the origin on Whatman 3MM chromatography 
paper and chromatographed in the descending direction in n-butanol-acetic 
acid-water (4:1:5, v/v/v) for 16 hours at room temperature. The chromato-
grams for the various peptide fractions were all run at the same time to 
enchance the correlation between chromatograms. Following chromatography, 
the paper was dried and then wetted with the electrophoresis buffer, 
pyridine-acetic acid-water (1:10:289, v/v/v). The chromatograms were then 
submitted to electrophoresis in the direction perpendicular to the 
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direction of chromatography for 1 hour at 2000 V.D.C. 
Following electrophoresis, the paper was dried and the peptide spots 
revealed by spraying with the isatin spray of Monier and Jutisz (1954) for 
development of N-terminal prolyl peptides. The spray reagent had the 
following composition: n-propanol-acetic acid-isatin (4:1:0.1, v/v/w). 
Peptides with N-terminal proline develop as blue spots against an orange 
background. 
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RESULTS 
Description of the Reaction 
The extent of imide cleavage was found to be highly dependent upon 
both the procedure and the nature of the reactants. In addition, certain 
methods of manipulation resulted in a more reproducible and less hazardous 
procedure. The extent of reaction was measured by assaying the newly 
revealed proline imino groups as their dansyl (DNS) derivatives. The 
estimate of free imino groups was referenced to the total proline content 
(moles/mole of protein) to obtain the per cent yield. 
The extent of the reaction was most highly dependent upon the degree 
of hydration of the reaction solvent, hydrazine. Following the introduction 
of a procedure for drying the hydrazine (Kusama, 1957), the yield was 
observed to increase from a negligible 1 - 2% to about 50%. Another problem 
encountered was with incomplete solubilization of the dried protein by 
anhydrous hydrazine during the reaction. Deionization of the protein by 
dialysis led to increased solubilization and consequent increased yields 
(20 - 30%). Procedural changes designed to minimize contact with the 
atmosphere effected yield increases of 10 - 20%. The total yield thus 
obtained was 90%. 
The per cent yield was studied as a function of time to determine the 
optimum reaction time. As shown in Table 17 and in Figure 14, the reaction 
was completed within one hour. The liberation of free alpha-ami no groups 
by side reaction of the reagent with the peptide bond was found to be a 
negligible 0.2 - 0.5 moles/mole of protein. This was determined by quanti­
tative reaction of the reaction products with the ninhydrin reagent (Moore 
Figure 14. Yield of N-terminal proline and a-amino as a function of reaction time 
The yield is given as moles revealed per mole of protein. 
o o = proline imino (11 moles/mole of S-CM-FKM) 
— o D = a-amino (103 moles/mole of S-CM-FKM) 
M- 9 
2 8 0 
tb 7 
LLI 
—I 
0 6 
f 
5 
LT)  
4 UJ 
Z) Û 3 in 
LiJ 2 Q: 
1 
1 
TIME 
—g 41 T-
2 3 4 
OF REACTION (HR.) 
85 
and Stein, 1948). 
Table 17. Time dependent yield of N-terminal proline^ 
End group 
Time of reaction 
3 min 50 min 2 hr 4 hr 
Proline imino 
a-amino 
37% (4.1) 
0.1% (0.1) 
86% (9.5) 
0.2% (0.2) 
89% (9.8) 
0.2% (0.2) 
89% (9.8) 
0.2% (0.2) 
The yield is expressed as mole per cent of available sites (proline 
imino = 11 moles/mole of protein; a-amino =103 moles/mole of protein) and 
as moles/mole of protein (parentheses). 
Additional procedural changes were introduced which although failing 
to alter the yield significantly did allow for a safer and smoother 
procedure. These were: (1) the introduction of sodium hydride into 
hydrazine rather than the reverse, whereby the reagent preparation was 
made less exothermic, and (2) allowing the reagent phase and the ether 
phase to separate prior to introduction into the reaction vessel. 
Distribution of Products 
The fractionation of the prolyl peptides by gel filtration was found 
to yield a reproducible elution pattern under varied conditions. The 
relative molar concentrations of the constituents were determined by 
integration of the optical density due to the DNP derivative of the 
peptide(s) through the appropriate fractions. The typical pattern was 
obtained from fractionation of the dinitrophenyl peptides on Sephadex G-25 
which resolves peptides with molecular weights between 300 and 3000 
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(Carnegie, 1965). The pattern was found to contain two major and five 
minor constituents (Figure 15). The molecular weight of the constituents 
as determined by their elution volumes were found to remain basically 
unchanged through the four periods of reaction (Figure l6). The only major 
deviation from the typical pattern (Figure 15) was in the elution pattern 
for the three minute reaction period. In this case, the front peak was 
greatly enlarged over the other peaks presumably due to the accumulation 
of incompletely cleaved material in the void volume of the column. The 
dinitrophenyl derivatives of the A and B chains of insulin (21 and 30 
residues/chain respectively) were used to calibrate the G-25 column 
according to molecular weight. 
Attempts were made to alter the pattern by varying reaction conditions 
other than time. In one case, all the reagents involved as well as the 
substrate were purified immediately prior to use in the sodium hydrazide 
reaction. The resultant pattern was identical with the Figure 15 pattern. 
In addition, the stability of the elution pattern toward further reaction 
was determined by re-reaction of the peptides after intermediate mani­
pulation and deionization. As in the previous case, the Figure 15 pattern 
was unchanged. 
One of the components of S-carboxymethyl feather keratin monomer, 
S-CM-FKM-IV, was isolated in quantity and subjected to the sodium hydrazide 
reaction and manipulation procedure. The elution pattern of the S-CM-FKM-
IV dinitrophenyl reaction products was identical to the Figure 15 pattern 
in number and position of the S-CM-FKM peptides, but different in their 
relative amounts. Table 18 presents the relative molar amounts and 
approximate molecular weights for each of the constituent prolyl peptides 
Figure 15. The characteristic elution pattern for the fractionation of S-CM-FKM prolyl peptides 
on Sephadex G-25 
All fractionations were performed with a 2 x 60 cm Sephadex G-25 column eluted with 
phenol-acetic acid-water (1:1:1, w/v/v) at room temperature. The clashed lines indicate 
the component peaks contributing to the elution pattern as resolved by a manual curve 
resolution method (Appendix B). 
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Figure 16. Effect of reaction time on the elution patterns for the 
S-CM-FKM prolyl peptides 
The conditions of the fractionations were identical with 
those described for Figure 16. 
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of S-CM-FKM and S-CM-FKM-IV. 
Table 18. The distribution of peptides from sodium hydrazide cleavage of 
feather keratin 
u Mole fraction Molecular weight 
Peptide fraction 
S-CM-FKM* S-CM-FKM-IV S-CM-FKM S-CM-FKM-IV 
A 0.09 ± 0.01 0.09 3000 3000 
B 0.02 ± 0.005 0.03 2400 2500 
C 0.09 ± 0.01 0.18 2200 2200 
D 
o
 
o
 
+1 o
 0.10 1400 1400 
E 0.33 ± 0.02 0.35 1200 1200 
F 0.03 ± 0.005 0.04 750 740 
G 0.33 ± 0.02 0.21 590 600 
Total 1.00 1.00 
The data for S-CM-FKM were averaged from eight runs whereas those for 
component IV were from one run. The average deviation of the mean was 
determined for each of the S-CM-FKM values and is presented to the right of 
each value. 
'^The peptide fractions are lettered according to their position in the 
elution pattern (Figure 15). 
To resolve the size ambiguity inherent in the front material of the 
G-25 elution pattern, the dinitrophenyl peptides were fractionated on 
Sephadex G-50 using the same solvent system as with the G-25 elution. Being 
a larger pore dextran gel than G-25, Sephadex G-50 would fractionate larger 
molecular weight species and therefore would be expected to resolve the G-25 
front. The G-50 elution pattern at the dinitrophenyl prolyl peptides 
(Figure 17) indicated the G-25 front peak to be composed of a single homo­
geneous peptide, since the peptide was moved off the front and yet 
Figure 17. The characteristic elution pattern for the fractionation of S-CM-FKM prolyl peptides 
on Sephadex G-50 
All fractionations were performed with a 2 x 75 cm Sephadex G-50 column eluted with 
phenol-acetic acid-water (1:1:1, w/v/v) at room temperature. 
1 
§ 
>-
1.0 
0,9 
0.8 
0.7 
to 
éo.5 
_I 0.4 
y 03 
o 0-2 
0.1 -
0 100 150 
ELUTION 
T T 
KO w 
D 
VI 
200 
VOLUME (ml.) 
250 
94 
maintained its relative molar concentration. The peptide was estimated to 
have a molecular weight of 3300 from calibration of the column with the 
dinitrophenyl A and B chains of insulin. 
Description of the Products 
The molecular weights and the amino acid compositions of the peptide 
fractions isolated from the gel filtration elution were determined by 
amino acid analysis. In addition, the heterogeneity of these fractions 
was ascertained by two-dimensional chromatography-electrophoresis. 
By virtue of the mode of action of sodium hydrazide, each peptide 
released would be expected to contain only one residue of proline per mole 
of peptide, -oiz. the N-terminal residue. The molecular size (residues/mole) 
could then be obtained by dividing the total moles of amino acid by that of 
proline. The amino acid composition of each peptide peak was computed in 
mole per cent values. The results for both the molecular weight and amino 
acid composition of the peptides resolved by Sephadex G-25 are presented in 
Table 19. Samples for amino acid analysis from the G-50 elution were 
isolated in greater number than in the G-25 fractionation so that increased 
definition of the front could be obtained. Twelve samples representing con­
secutive fractions encompassing the first four peptide peaks. A, B, C, and 
D, were collected for amino acid analysis and the resultant peptide sizes 
(residues/mole) and amino acid compositions calculated (Table 20). 
The correlation between the peptide sizes calculated from amino acid 
analysis and those from gel filtration is shown in Figure 18 for the G-25 
fractionation and in Figure 19 for the G-50 fractionation. A smooth curve 
in either case would indicate that all peptides were completely cleaved 
Table 19. Amino acid composition and size of the S-CM-FKM peptide 
fractions resolved by Sephadex G-25 
Amino acid Peptide fraction* 
Argini ne 3.25 2.79 4.10 1 .82 2.87 0.49 0.49 
S-CM-Cysteine 3.39 4.16 8.00 5 .03 10.9 17.4 7.20 
Aspartie acid 5.01 5.02 5.93 3 .82 10.1 6.33 2.67 
Threonine 2.80 3.32 2.84 8 .29 4.56 3.25 6.87 
Serine 16.9 18.9 17.1 16 .0 16.1 16.0 9.90 
Glutamic acid 5.08 6.85 12.9 4 .14 6.12 7.86 3.44 
Proline 4.63 5.38 5.24 12, .2 9.24 15.5 44.5 
Glyci ne 22.0 17.7 9.48 8, .31 4.78 19.5 15.5 
Alanine 13.0 12.2 9.28 5. ,68 7.01 5.62 5.32 
Valine 8.36 9.86 14.1 15. 8 8.47 1.16 0.50 
Isoleucine 2.92 3.35 4.49 4. 12 3.36 0.71 0.40 
Leucine 6.27 6.50 4.65 10. 9 11.9 3.85 0.70 
Tyrosine 1.01 0.51 0.33 0. 67 1.94 2.22 2.08 
Phenylalanine 5.38 3.54 1.74 3. 30 2.55 0.42 
Total 100.00 99.98 100.18 loo. 08 99.90 99.92 99.99 
Residues/peptide 21.6 18.6 19.1 8. 2b 10.8 6.4 2.2 
®The amino acids are reported as moles/total moles of amino acid 
times one hundred per cent (mole per ^ent). 
^The peptide D from its behavior in the correlative plot (Figure 
18) contains 2 prolines/mole and therefore its residues/peptide would 
be twice the reported value of 8.2 or 16.4. 
Table 20. Amino acid composition and size of selected S-CM-FKM prolyl peptide fractions resolved 
by Sephadex 6-50 
Amino acid Fraction®*'^ 
10 11 12 
Arg 4.20 4.34 4.35 4.35 4.06 4.75 3.14 3.88 5.61 5.58 3.77 1.69 
CMC 3.72 3.21 3.08 3.46 5.43 6.44 5.23 7.77 12.8 12.5 9.18 3.95 
Asp 4.41 4.45 5.17 5.11 4.85 5.42 4.19 5.14 7.20 7.41 6.02 2.79 
Thr 3.40 3.29 2.52 2.78 3.32 3.40 4.99 4.11 2.12 1.80 5.06 8.59 
Ser 16.7 18.3 16.7 16.4 16.4 16.5 21.5 17.7 12.5 11.2 13.5 15.9 
Glu 4.62 4.20 4.49 3.68 6.35 8.39 7.89 12.7 17.7 15.3 8.27 2.70 
Pro 5.00 3.82 3.15 3.65 5.12 6.46 5.65 5.22 6.00 7.18 10.5 15.1 
Gly 21.7 23.0 23.7 24.2 20.1 14.5 13.1 8.92 4.15 5.74 10.0 7.96 
Ala 11.1 12.5 12.8 12.3 9.89 8.70 12.2 9.93 5.58 5.84 6.51 3.97 
Val 8.30 7.37 7.54 7.56 9.00 10.9 11.2 15.0 16.7 16.4 11.8 15.7 
lieu 3.22 2.95 2.70 2.82 3.50 3.88 3.05 3.89 5.66 5.64 4.53 4.88 
Leu 7.57 6.43 5.37 6.86 7.31 6.46 5.95 4.20 2.93 3.87 7.27 11.8 
Tyr 0.71 1.00 1.31 1.00 0.41 0.34 0.25 2.59 0.18 0.34 0.70 0.61 
Phe 5.34 5.77 6.08 5.79 4.85 3.81 1.97 1.26 1.00 1.18 2.96 4.42 
Total 100.17 100.63 99.96 99,70 100.59 99.95 100.35 99.98 100.17 99.98 100.01 100.02 
Residues/ 
peptide 
20.0 26.2 31.8 27.4 19.5 15.5 17.7 19.2 16.7 13.9 9.5 6.6 
^The fractions were isolated from the Sephadex G-50 fractionation consecutively spanning 
peptides A through D. Peptide fractions A, B, C, and D are concentrated in fractions 3, 6, 8, 
and 12, respectively (Figure 19). 
^The amino acids are reported in mole per cent values. 
^The peptides in fractions B and D, from their behavior in the correlative plot (Figure 19) 
must each contain 2 prolines and therefore their sizes would be twice the calculated values or 
31 and 13.2 residues respectively. 
Figure 18. The correlation between gel filtration and amino acid analysis peptide molecular 
weights - G-25 case 
The molecular weight determined by gel filtration (horizontal axis) are plotted 
against mole % proline to determine the proline content of each peptide. 
Peptides containing only one pro!in/mole would lie along dotten line (from 
calibration) while those which contain 2 prolines/mole would lie near the "x" 
line. The elution profile (dashes) is provided for convenient reference. 
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Figure 19. The correlation between gel filtration and amino acid analysis 
peptide molecular weight - G-50 case 
See Figure 19 for interpretation. The dashed line indicates 
the positions in the elution pattern of peptide fractions 
A, B, C, and D. 
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(1 proline/peptide) whereas large deviations from the smooth curve would 
indicate incompletely cleaved peptides (2-3 prolines/peptide). The 
correlative plots for the G-50 and G-25 fractionations indicate peptide 
fractions B and D to be products of incomplete cleavage having 2 prolines/ 
peptide. Conversely, peptide fractions A, C, E, and F are shown to contain 
only one proline/peptide due to their proximity to the complete reaction 
curve (dotted line). Peptide fraction G although deviating from the 
complete reaction curve appears to be made up of dipeptides, each of which 
contains a single proline since: (1) the fraction occurred in the end 
volume of the column where no fractionation according to the calibration 
occurs; (2) amino acid analysis indicated the fraction to contain nearly 
50% proline; (3) a standard DNP dipeptide, DNP-pro-ala, was eluted in the 
same column volume as peptide G. 
The degree to which the data for both the G-25 and G-50 elutions 
represent the true situation for the individual peptides is dependent upon 
both the degree of mixing between neighboring peptides and the reproduci­
bility of each analysis. The degree of mixing may be determined by curve 
resolution of the constituent peptide peaks within the sampling interval. 
This value as weight fraction of contaminant may then be used to determine 
the contaminant contribution to the experimentally determined mole per 
cent proline (the contaminant or sampling error is a product of the weight 
fraction contaminant and mole per cent proline difference between 
contaminant and principal constituent). The following sampling errors have 
been derived for the mole per cent proline of peptide fractions D through 
G: peptide D, 12.2 + 3; peptide E, 9.4 - 0.5; peptide F, 15.5 ± 0; 
peptide 6, 44.5 + 4. Peptides A through C from the G-25 were too intermixed 
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to derive similar sampling errors. Sampling errors for peptide A through 
C from the G-50 fractionation were much less than those from the G-25 
fractionation due to the smaller sampling intervals used. The amino acid 
analyses were performed under like conditions of hydrolysis (21 hours in 
5.7 N HCl at 110°C) and analysis (same calibration mixture used for all 
determinations) to enhance the reproducibility. The per cent variance 
between determinations of a given amino acid was never greater than ± 2.5% 
and averaged ±0.7% for all amino acids (per cent variance, v = [|n - n.|/ 
n] X 100%, where n^ = an individual measurement and n = the mean). 
The peptide fractions isolated from the G-25 fractionation for the 
purpose of amino acid analysis were additionally chromatographed to 
determine their heterogeneity, i.e. the number of different sequences 
represented. The results were purely qualitative and were expected to 
explain the non-whole number residues/peptide values obtained by amino acid 
analysis. The chromatograms for six of the peptide fractions are depicted 
in Figure 20. 
The technique served its purpose in resolving the peptide fractions 
for many well-formed and well-separated spots were observed on several of 
the peptide chromatograms. Table 21 summarizes the chromatographic results 
in terms of the number of peptide sequences comprising the G-25 peptide 
fractions A through G. 
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Table 21. Heterogeneity of the Sephadex G-25 prolyl peptides 
Peptide Number of constituent sequences 
A 1 
B _a 
C 1 
D 1 
E 11 
F 4 
G 10 
®No peptide spots were detected for peptide fraction B, presumably 
because of insufficient material used. 
Figure 20. Two-dimensional chromatography and electrophoretic 
chromatograms of the S-CM-FKM prolyl peptides 
All chromatograms were run at the same time in the descending 
direction in n-butanol-acetic acid-water (4:1:5, v/v/v). 
Electrophoresis was performed in pH 4 pyridine-acetic acid-
water (1:10:289, v/v/v) buffer for one hour at 2000 volts D.C. 
The chromatograms were developed by spraying with an isatin 
reagent (0.2% isatin in 1:5 acetic acid-n-propanol) and 
heating at 100°C for 15 minutes. The intersection of the 
dashed lines denotes the origins. 
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DISCUSSION 
It has been shown that sodium hydrazide effects the specific 
cleavage of the proline iminopeptide bond and that the reagent generates 
four different monoprolyl and two diprolyl peptides after reaction with 
S-carboxymethyl feather keratin monomer. Summation of the peptide 
compositions and molecular weights in accordance with their respective 
mole fractions approximates the composition and molecular weight of intact 
S-CM-FKM. 
Nature of the Analyses 
Yield 
The sodium hydrazide reaction with S-CM-FKM resulted in the consistent 
cleavage of 90% of the available iminopeptide bonds. Given the varied 
conditions underwhich this yield was achieved it appears likely that one of 
the bonds was specifically resistant to cleavage. The reaction yield was 
somewhat of an improvement over that of Kauffmann and Sobel (1966) for 
insulin (ca. 70%). 
Specificity 
In addition to the dansyl method, the spectra of the dinitrophenyl 
peptides as well as the color produced with isatin confirm the exclusive 
cleavage of the iminopeptide bond. The absorption maxima dinitrophenyl of 
proline and of the dinitrophenyl a-amino acids are sufficiently far apart 
to be used for identification (DNP-pro, 375 my; DNP-a-amino, 350 my). The 
observed maxima for the dinitrophenyl peptide fractions, A through G, varied 
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within the range, 370 - 375 my. This was taken to indicate that the 
peptides all possessed N-terminal proline. 
The isatin spray reagent for development of peptides (Monier and 
Jutisz, 1954) yields an intense blue color upon reaction with free or 
N-terminal proline. The peptide spots revealed by the reagent (Figure 20) 
were without exception all intensely blue colored, i.e. the peptides all 
possessed N-terminal proline. This observation supports the conclusion 
that the sodium hydrazide reagent reacts exclusively with the iminopeptide 
bond. 
Quantitation 
The quantitation of the prolyl peptide mole fractions with the FDNB 
reagent was facilitated by the absence of interfering non-proline amines, 
specifically the histidine imidazole, the lysine a-amino, the N-terminal 
a-amino, and the near-absence of tyrosine. As a result, all the DNP 
groups were read as moles of proline imino which could then be reference 
to each other to obtain the mole fractions. 
The gel filtration molecular weights can be considered accurate 
provided the peptides occurred within the elution volume, -i.e. between the 
void volume, V^, and the end volume, + V^nternal' Carnegie (1965) 
considered the molecular weights calculated by this method to be in error 
by no more than 10%. Ideally, the molecular weights determined by amino 
acid analysis should be much more accurate than that from gel filtration 
and of the order of ± 1% (average % variance). However, the parameters 
for certain peptides may be in considerably greater error due to the 
mixing with neighboring peptide(s) in the sampling interval. Consequently, 
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the appropriate molecular weights and compositions of the peptides had to 
be chosen from data with the least probable error. The following table 
(Table 22) lists the molecular sizes, their sources, and probable errors 
for each of the peptides. 
Summation of Peptide Sizes and Compositions 
As a check on their essential correctness and completeness, the 
cleavage product data, appropriately summed, are compared with data for 
intact S-CM-FKM. Using molecular weights and compositions selected in 
Table 22, Table 23 lists the size, composition, and contributions to the 
whole from each peptide with the totaled composition and size presented 
to the right along with a summary of intact S-CM-FKM data. The data does 
not include the N-terminal peptide. 
In conclusion, the data indicated proline to be distributed along 
the polypeptide chain in widely varying intervals of 32 residues, and 2 
residues. The peptide fractions representing the four intervals were 
found to be present in a fixed molar ratio of 1:1:3.7:3.7, respectively. 
The presence of a small amount of diprolyl peptide is attributed to an 
iminopeptide bond specifically resistant to cleavage. Chromatographic 
and electrophoretic resolution of the peptide fractions representing the 
intervals indicated the 11 and 2 residue peptides to be much more hetero­
geneous than the larger ones. 
Table 22. Sources of most accurate molecular sizes for the peptide fractions 
Peptide fraction 
A B C D E F G 
Res moles/mole 32 22 19 13 11 6 2 
Source® AM:G-50 G-50 AAA:G-50 G-25 AAA:G-25 AAA:6-25 AAA:G-25 
Error 1-2% 5-10% 1-2% 10% 5-6% 1-2% 9-10% 
^Explanation of terms: AAA;G-50 refers to amino acid analysis of samples after G-50 
fractionation and G-50 means estimation of the molecular weight from the calibration of the 
column, etc. 
Table 23. Comparison of S-CM-FKM prolyl peptide size and amino acid composition summations with the 
size and composition of intact S-CM-FKM 
Amino acid 
A 
Peptide (composition moles of residue/mole)' 
B D 
Ptd Ptn Ptd Ptn Ptd Ptn Ptd Ptn Ptd Ptn Ptd Ptn 
6 
Ptd Ptn Total S-CM-FKM 
Arg 1.4 1.3 1.1 0.2 0.7 0.6 0.2 0.2 0.3 1.0 0 0 0 0 3.3 3.4 
CMC 1.1 1.0 1.4 0.3 1.5 1.4 0.5 0.5 1.2 4.0 1.1 0.3 0.2 0.7 8.2 8.4 
Asp 1.6 1.4 1.2 0.2 1.0 0.9 0.4 0.4 1.1 3.6 0.4 0.1 0.1 0.3 6.9 5.5 
Thr 0.8 0.7 0.8 0.2 0.8 0.7 1.1 1.2 0.5 1.6 0.2 0.1 0.2 0.7 5.2 4.1 
Ser 5.3 4.8 3.6 0.7 3.3 3.0 2.1 2.3 1.7 5.6 1.0 0.3 0.2 0.7 17.4 16.1 
Glu 1.4 1.3 1.9 0.4 2.3 2.1 0.4 0.4 0.7 2.3 0.5 0.1 0.1 0.3 6.9 6.5 
Pro 1.0 0.9 2.0 0.4 1.0 0.9 2.0 2.2 1.0 3.3 1.0 0.3 1.0 3.3 11.3 11.2 
Gly 7.5 6.8 3.3 0.7 1.7 1.5 1.1 1.2 0.5 1.6 1.2 0.4 0.3 1.0 13.2 13.9 
Ala 4.4 4.0 2.0 0,4 1.9 1.7 0.5 0.5 0.8 2.6 0.4 0.1 0.1 0.3 9.6 9.0 
Val 2.4 2.2 2.4 0.5 2.8 2.5 2.1 2.3 0.9 3.0 0.1 0.3 0 0 10.8 9.3 
lieu 0.9 0.8 0.9 0.2 0.7 0.6 0.6 0.7 0.4 1.3 0 0 0 0 3.6 3.2 
Leu 1.7 1.5 1.5 0.3 0.8 0.7 1.6 1.8 1.3 4.3 0.2 0.1 0 0 8.7 7.7 
Tyr 0.4 0.4 0 0 0.5 0.4 0 0 0.2 0.7 0.1 0 0 0 1 .5 1.5 
Phe 1.9 1.7 0.9 0.2 0.2 0.2 0.6 0.7 0.3 1.0 0 0 0 0 3.8 3.5 
Total 32 29 23 4.7 19 17.2 13 14.4 11 35.9 6.2 2.1 2.2 7.3 110.4 103.7 
The amino acid compositions of the peptides are reported as moles of residue/mole of peptide 
"Ptd" and as moles of residue/mole of protein (S-CM-FKM) under "Ptn". The "Ptn" compositions are 
summed toward the right to obtain the total moles of residue/mole of peptide as S-CM-FKM for each 
amino acid. These values are also summed toward the bottom to obtain the total residues of amino 
acid/mole of protein. Summation of the "Ptd" column gives the residues/mole of each peptide (under­
lined) . 
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Further Considerations 
Identity of peptides ^ and £ 
The diprolyl peptide fractions B and D could conceivably result from 
either of two conditions: (1) that the diprolyl peptide(s) represent a 
transient state in the reaction and the final products of cleavage are 
represented in the monoprolyl peptides or (2) that the diprolyl peptide(s) 
are a final state in the reaction and that their constituent monoprolyl 
peptides may be unique. Only the former case allows prediction of the 
constituent monoprolyl peptides may be unique. Only the former case allows 
prediction of the constituent monoprolyl peptides, i.e. 2 x E(ll) = B(23) 
and/or C(19) + G(2) = 8(23); E(ll) + G(2) = D(13). 
Identity of the N-terminal peptide 
The data as presented does not allow one to determine the identity of 
the N-terminal peptide resulting from cleavage of the iminopeptide bond 
nearest the N-terminus. Evidence presented in this section and in Part I 
suggest that the N-terminal peptide may be quite small. The acylated end 
group data indicated proline to be near the N-terminal - perhaps the second 
amino acid removed from the N-terminus. In addition, the summation studies 
revealed that the reconstituted molecular weight was quite similar to that 
of intact S-CM-FKM and therefore only a small N-terminal peptide could be 
allowed. 
End-to-end peptide sequence 
The sequencing of the inter-proline intervals can be accomplished by 
noting the occurrence of certain diprolyl peptides resulting from incomplete 
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reaction of available iminopeptide bonds. The presence or absence of 
diprolyl peptides predicted from combinations of monoprolyl peptides 
provides a constraint on the sequencing of the monoprolyl peptides. In 
this respect, the absence of the diprolyl tetrapeptide, G-G, suggests that 
the peptide fraction G always occurs "sandwiched" between other peptides. 
The large amount of peptide fraction D which is likely a combination of 
G and E suggests that peptide fraction G occurs between E's thus: 
....E-G-E-G-E-G-E-G.... 
Component sequences and other considerations 
The chromatography and electrophoretic resolution of the peptides 
indicated that two of the peptide fractions, E and G, were quite hetero­
geneous while A and C seemed to be homogeneous. This finding is supported 
by the earlier observation that E and G occur in greater numbers in the 
sequence and thereby would be expected to show greater variability in 
composition. In addition, it is possible that the composition differences 
between the various components of feather keratin lies in these two 
peptide fractions (E and G). 
The number of possible constituent sequences of peptide G are limited 
by both the size of the peptide (2 residues) and the N-terminal proline in 
all possible sequences. The number of possible sequences is therefore the 
number of available amino acids minus proline (13 dipeptide sequences). 
Several of these amino acids occur in nearly zero concentration (valine, 
isoleucine, and phenylalanine) thus reducing the expected number of 
observable sequences to ten. This value agrees well with that found for 
the number of peptides located on the chromatogram for peptide G (10). 
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Certain of the spots may be tentatively identified by their direction and 
distance of migration in the electric field, i.e. their acidity or 
alkalinity. Since the C-terminal amino acid would be responsible for the 
relative acidity of the peptides the assignment of identities would follow 
the pi's of the 13 possible amino acids. The spot migrating farthest to 
the right (Figure 20) i.e. the most basic, would undoubtedly be Pro-Arg. 
The acidic peptides migrating to the left would be Pro-CMC, Pro-Asp, and 
pro-Glu with Pro-CMC migrating the farthest and Pro-Glu migrating the 
least in accordance with their relative acidities. The neutral peptides 
would be difficult to identify due to their lack of migration. 
The phenomenon of aggregation of proteins to form large densely 
packed structures which normally become insoluble in solution, is thought 
to occur through hydrophobic bonding between hydrophobic regions of the 
protein. Feather keratin exhibits this characteristic when in concentrated 
solution or in mildly acidic solution (Filshie et al., 1964; Burke, 1969). 
Knowledge of certain facets of the primary structure of feather 
keratin brought to light by this work may be helpful in locating the 
specific region responsible for hydrophobic bonding. Assuming that hydro­
phobic bonding involves only glycine, alanine, valine, isoleucine, leucine, 
and phenylalanine, then the relative hydrophobicity of each of the peptides 
may be determined. The greatest concentration of hydrophobic residues was 
found to be in peptide fraction A (59.2%). Peptide C had slightly fewer 
hydrophobic residues that A (43.2%). Peptide fractions E through G already 
shown to differ in many respects from A and C, have much fewer hydrophobic 
residues than A or C (E, 27.4%; F, 30.8%; G, 22.8%). From these results it 
appears that peptide A may be largely responsible for the 3-aggregation of 
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feather keratin. 
Relationship to models 
The precondition for the existence of the Schor and Krimm 6-helix 
(1961) was the regular spacing of proline residues at intervals of every 
eighth residue (12.5% proline). The results from this work clearly show 
that not only do the intervals between prolines vary from that proposed by 
Schor and Krimm, but also that they vary considerably in size, e.g. from 
2 to 32 residues. Consequently, the B-helix appears to be unlikely for 
feather keratin. 
More recent evidence from the studies of Fraser and MacRae (1963), 
Fraser and Suzuki (1965), and Fraser and MacRae (1971, unpublished data) 
support a model involving the intertwining of two helices composed of 
regularily spaced "B-crystallites". Fraser and Suzuki determined that 30% 
of the "3-crystallite" may be 6-structure with the remainder as disoriented 
structure. The large amounts of small side chain residues present in 
peptide fraction A together with the fact that peptide fraction A represents 
30% of the S-CM-FKM residues (32 residues/103 residues) suggests that the 
6-structure component of feather keratin proposed by Fraser and Suzuki may 
be peptide fraction A. The disoriented or amorphous region of the "6-
crystallite" could be formed from peptide fractions, E and G, since the 
concentration of the more hydrophilic residues in these peptides would favor 
the disorientation of the polypeptide chain. Finally, the presence of 
-pro-X-pro- sequences in the disoriented region(s) of feather keratin would 
introduce a constraining influence upon the orientation of the polypeptide 
chain. The polypeptide chain under such circumstances would assume a 
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preferred orientation t h a t  i s  distinguishable from a complete disoriented 
polypeptide chain. The following diagram incorporates the foregoing 
conclusions in a structural model of feather keratin monomer (the "6-
crystallite). 
Amorphous region ><—g-Structure—Amorphous region 
(52 residues) (30 residues) (19 residues) 
Peptide fractions Peptide fraction Peptide fraction 
E and G A C 
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SUMMARY 
1. The S-carboxymethyl derivative of feather keratin monomer was 
found to possess at least six components after fractionation on DEAE 
cellulose. Amino acid analysis revealed unique amino acid compositions 
for each of the components. End group analyses found N-acyl-serine and 
N-acyl S-CM-cysteine at the N-terminal and leucine and phenylalanine at 
the C-terminal. 
2. Treatment of unfractionated feather keratin monomer with sodium 
hydrazide in hydrazine yielded a mixture of prolyl peptides of the 
following sizes and abundances: (a) 1 chain 32 residues/chain of protein 
(b) 1 chain of 19 residues/chain of protein, (c) 4 chains of 11 residues/ 
chain of protein, and (d) 4 chains of 2 residues/chain of protein (the 
abundances are approximations due to the presence of partially reacted 
material). The Schor and Krimm 6-helix (Schor and Krimm, 1961) appears 
unlikely in light of these data. The failure to obtain complete reaction 
of the protein with the reagent is believed to result from a specifically 
resistant imino->-<-peptide bond. 
3. The distribution of hydrophobic residues among the peptide 
fractions indicated the 32 residue/chain peptide fraction as likely to 
constitute the beta structure portion of the B-crystallite described by 
Fraser and Suzuki (1965). 
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APPENDIX A 
A Gel Filtration Bed Packing Procedure 
A method was required for the packing of uniform gel filtration beds 
which exhibited maximal resolution of species of varying molecular size. 
These requirements were met by gel filtration column beds which were packed 
by the continuous addition of gel slurry from a reservoir of slurry under 
continuous agitation. 
An acid washed chromatography tube is fitted with a large glass funnel 
attached to the top of the chromatography tube. The tube and funnel are 
filled with gel filtration buffer to within one to two inches of the top of 
the funnel. A pipette-like glass tube is immersed in the buffer such that 
the nozzle of the tube is within one-half inch of the funnel outlet. 
Compressed air is then passed through the tube so that a continuous stream 
of bubbles is maintained. With the column outlet closed, an arbitrary 
volume of gel-water slurry (1:2, v/v) is added to the funnel and the gel 
allowed to settle the length of the chromatography tube to form the gel bed 
at the bottom. After one-half inch of gel bed is settled, column flow is 
begun (0.12 ml/min*cm^ for packing flow and 0.06 ml/min*cm^ for normal flow 
for Sephadex G-lOO columns). The column bed is packed in this manner with 
occasional additions of slurry to the funnel until the desired bed length 
is obtained. It is desirable to cover the top of the gel bed with a porous 
polyethylene disk to minimize disturbance of the bed surface. 
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APPENDIX B 
Methods of Curve Resolution 
The component peaks of a fractionation pattern may be resolved from 
one another by various methods of curve resolution depending upon the 
degree of mixing between peaks. If the peaks are sufficiently separated, 
•i.e. a depression exists between the two maxima, then the component peaks 
can be resolved by a manual method. However, in the case where one peak is 
reduced to a shoulder of another peak a mathematical method is required. 
In the manual method, one-half of one of the peaks (peak A) is assumed 
to lie beyong the region of intermixing. By reproduction and subtraction 
of this uncontaminated half from the curve lying on the opposite side of 
the peak A maximum, the portion or area due to peak B may be resolved and 
peak B thereby resolved. 
The mathematical method involves the sequential reproduction and 
resolution of peaks in a fractionation pattern from the frontal behavior 
of each peak. Prior to resolution, the column behavior in producing non-
ideal or skewed peaks must be ascertained by calculating the hi/hz ratio 
for both sides of a trial species using the equation for a Guassian 
distribution, 
y = Ae-h'(* " (I) 
(where y is the curve height at a given x, A is the curve height at the 
center of the peak or m, and h is a constant). The subscripts 1 and 2 
refer to the front half and back half of the peak, respectively. The 
reproduction and resolution proceeds in three steps: (1) the inflection 
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point of the front is determined from the first derivative and the 
corresponding h is calculated from the equation: 
hi = (0.8322)/(x - m), (II) 
at the inflection point, (2) the back half of the peak can be constructed 
by use of equation I by appropriate substitution of the known parameters 
(A, m, and X) and hz as calculated from step (1) and the hi/hz ratio, and 
(3) substruction of the constructed back half of the front peak from the 
elution curve point-for-point to produce a new front. The preceding 
procedure can be applied to the newly revealed front to resolve the next 
consecutive peak. 
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APPENDIX C 
Interrelationship Between Random Coil and Globular 
Gel Filtration Calibrations 
Gel filtration columns are generally calibrated in terms of the 
elution characteristics of globular proteins of known molecular weight 
{e.g. Andrews, 1964). To use such columns for determination of the 
molecular weights of proteins having random coil conformations, use is 
made of the fact that the fractionation process is directly related to 
the diffusion coefficients of the solutes being fractionated (Andrews, 
1965). The calibration may thus be reexpressed in terms of either 
diffusion coefficients or random coil molecular weights by means of the 
relationships illustrated in Figure 2 . 
Figure 21. Interrelationship between molecular weights and diffusion coefficients for random 
coil and globular proteins 
The circles represent proteins whose natural conformation is globular whereas the 
squares represent proteins whose diffusion coefficients were determined in 6 N 
guanidine hydrochloride, and consequently are in a random coil configuration. The 
identities of the proteins are the following: 
a - glycylglycine 
b - glycylglycylglycine 
c - licheriformis A 
d - licheriformis B 
e - ribonuclease 
f - myoglobin 
g - chymotrypsinogen 
h - ovalbumin 
i - lactoperoxidase 
j - ribonuclease 
k - hemoglobin 
1 - chymotrypsinogen 
m - pepsinogen 
n - serum albumin 
DIFFUSION COEFFICIENT X 10^ 
C O 
L Z i  
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APPENDIX D 
Extrapolation of Amino Acid Analysis Data 
To correct for destruction and incomplete hydrolysis of certain amino 
acids during acid hydrolysis the amino acid analysis data from varying 
periods of hydrolysis must be extrapolated either to zero or infinite 
hydrolysis time. If either set of data are plotted as a reciprocal plot, 
the relationship is found to be linear and in accordance with the 
reciprocals (Equations III and IV) of the following relations (I and II): 
m A 
mi = YTJ 
m t 
ma = YITQ (n) 
or. 
1/mi = t/m^A + l/m^ (III) 
l/mz = B/m^t + l/m^ (IV) 
where m is a molar amount of amino acid liberated after t time (hours) of 
hydrolysis, A and B are constants, and subscripts 1 and 2 refer to cases in 
which amino acids are being destroyed or incompletely hydrolyzed, respec­
tively. Consequently, in the case of amino acids being destroyed during 
acid hydrolysis, a plot of reciprocal molar values versus time (Equation 
III) will yield an intercept whose reciprocal is the undestroyed molar 
value. With amino acids incompletely released during hydrolysis, a plot 
of the reciprocal molar value versus the reciprocal of time (Equation IV) 
will yield an intercept whose reciprocal is the completely hydrolyzed 
molar value. 
